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Introduction

Pursuant to a Cooperative Agreement (V-990519-01-0} between the U.S. Environmental
Protection Agency (EPA) and the Oregon Department of Environmentai Quslity (DEQ), the
DEQ conducted 2 Preliminary Assessment (PA) of the site known as the Black Butte Mine
located pear Cottage Grove, Lane County, Oregon. :

PAs are intended generally to identify potential hezards at a site, identify sifes that require
immediate action, and to establish priorities for sites requiring in-depth invesugnﬁ:ms The
PA is based on readily available mformation about the site and is not a full mvesngatmn or
charactenzatmn of the site,

_“The Black Butte Mine PA was conducied to identify potential public health and environmsntal

threats refated 10 the site. The PA is based on data derived from the sources Hsted in the back
of this report. The scope of the investigation inciudes review of available file information,
interviews, a target survey, and an on-siie reconnmssance inspection.



Site Name: Rlack Butte Mine
Site CERCII_S.Nmber: ORODO0S15755
DEQ ECSI Number; 1657 |
Siie Address: T238, R3W, Sec. 8, and T23S, R3W, Sze, 16 |
Approx. 10 Miles south of Cottage Grove, Oregon 97424
Sie Coortimates:  43°34° 42N, 123703 sé’_’ W
Date; S april1, 1996

The site is located in southern Lane County, in the Coast Fork Willamette River basin,
approximately 10 miles south of Contage Grove, Oregon off London Road. Land use in the
vicinity is primarily rurat residential and recreational. The site &s located on the northeast flank
of Black Butte, The mine itself is in the NW 1/4 of Section 16, T.23 S., R.3 W. The sbandoncd
kiln and tailings pile are located in the SE 1/4 of Section 8, T.23 8., R.3 W. (see Figure 1).
Several buildings remain on site, including two dilapidated, unoccupied houses, and several sheds
 associated with mine adits. The tailings pile, located along the south bank of Dennis Cresk,
comtains an estimated 300,000 cubic yards of material. Topographic maps and aerial photos also
" show several unitaproved roads on the site.

The mine was first operated in the late 1890s. Ore was extracted and crushed in preparation for
processing. The crushed ore was heated in the kiln to drive off mercury vapor. The mercury
vapor was then condensed and liguid mercury bottled for shipment. The mine operated
imermittently through the late 1960s, with peak production occurring during the period 1927-
1943, The mine was the second largest mercury producer in Oregon. Much of the mine area
was logged in the early 1990s, and some features of the mine were obscured by louging debris.

The site is currently ownsd by the Land and Timiber Company. The site contact is Roger
Villarmeve, in Coos Bay, Oregon, phone number (b) (6) . According to the registered
sgent for the Land and Timber Company, Robert J. Custis, there is another group associated with
the Land and Timber Company, represented by Sandy Simmons. There is no addmonai
information available regarding Ms. Simmons. -
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Figute *1

Black Bucte Mine and Vicinity. From USGS
Quadrangle Map (7.5") titled Harness
Mountain, Oregon. -
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The Black Butte Mine and surrounding vicinity s enderlain by a sequence of hydrothermally
altered mercory-bearing andesitic lavas, silicic ash wiff, and volcanic breccias belonging to the
late Eocene-garly Oligocene Fisher Formation (Tertiary). Locally thess deposits have been
injected by sills, plups, and feeder dikes of Plioceps, Miocene, and possibly Oligocene age
biagalt and andesite. The bedrock is faulted and fractured. The Black Butte fault is exposed on
the summit of Black Butte and in the underground mine workings and trends approximately
N69W and dips 65 northeast. The mercury ore deposit (cinnabar) appears to have formed
slopg this fault, thousht to be the prismary conduit for ateending hydrothermml solutions.

The site is characterized by primarily shaliow soils on steep slopes on the hillsides; thicker
gecurmulations of recent alluvium occur along the streams.

Hydrogeology

The aquifers in the vicinity of the mine are the Fisher Formation (bedrock aquifer) and the
alluvial aquifer along Dennis Creek, Garoutte Creek, and the Coast Fork Willamete River,
Pepth to groundwater and hydraulic conductivity of these aquifers at the mine site is unknowo.
Well logs in the vicinity of the mine indicate that the shatiowest depth to water bearing straiz
in bedrock is a1 29 feet below ground surface (bgs). Laocal groundwater gradients are

unknown but are tikely toward the swreams with a component toward Cotiage Grove Reservoir.
The neasest spring is London Springs, located zpproximately 4 miles north of the sue. Its
source, use, and guality are unknown.

The Black Butie Mine site was identified as 2 potential source: of mereury comamination in
Cottage Grove Reservoir by the Mercury Working Group of DEQ's Water Quality Division

"during an evaluation of Oregon's lakes. In 1994 the site was referred 10 DEQ's Site Assessment

Section (SAS) staff for revizsw. The SAS review resulted in a recommendation for further
investigation at the site at 2 medium priority. DEBQ is performing this federal Preliminary
Assessment at the site under a cooperative agreemant with EPA Region 10.

There has apparently beeh no other formal enviromnentat investigation of the site to dats.

_ However, several organizarions have undertaken sampling efforts in the vicinity of the site,

These sampling efforts included limited sediment and nesne sampling done by the Orcgon S
University (OSU) Departrent of Fisheries and Wildlife in 1990, tissue analysis on an eagle’s egg
by the U.S. Fish and Wiidtife Service in 1992, limited sediment and tissue analyses by U.S.
Geological Survay (USGE) in 1993, and somewhat more extensive sediment sampling by the
OSU Dapartment of Fisheries and Wildlife in 1992 and 1994, -
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‘The initial OSU study compared satples from three Oregon reservoirs. Samples from Cottage
Grove Reservoir included tissue satples from five largemotnth bass and several sediment
samples. The tissue from the oldest two fish (four and five years, respectively) showed mercury
leveis of 1.49 and 1.79 paris per million {(ppm) in muscle tissue. The U.S. Food and Prug
Administration Hmit for mercory in commercially caught fish is one ppm. Sediment
concentrations averaged 0.84 pgfy, dry weight.

In 1952 an addled egg was collected from & bald eagle's nest adjacent to the reservoir by the U.S.
Fish and WildEfe Service. The epg was analyzed for trace elements and mercary was discovered
at 2.9 upfg dry wt. and 0.76 ug/g wet or fresh weight. According to the Fish and Wildlife
Service fact sheet Results of Cottage Grove Bald Eagle Egg Analysis, these levels are
significantly hipher than nationally reported mercury levels for bald eaple epgs.

The USGS sediment data was generated as part of periodic state-wide sampling. Analysis of
three samples in the vicinity of Back Butte Mine indicated 2.5 ppm mercury in sediment in
Dennis Creek below the Mine, and .87 ppm in Sculpin (2 small fish species) tissue at the same
jocalion. A sediment sample taken from the Coast Fork at London, Oregon, downsiream from
the mine and upstream: from Cottage Grove Reservoir, had a mercury concentration of 1.4 ppm,
and Sculpin tissus sampled there had a maximum concentration of 0.52 ppm. A szdiment sample
taken from Cottage Grove Reservoir had a concentration of 0.50 ppm.

OSU completed additions! sampling in 1992, This work was documented in 2 report titled

Mercury Dynamices and Methylmercury Accumulation by Fish in Three Oregon Reservoirs (Curiis

- and Allen-Gil, March 10, 1994) and detafled apparent elcvated levels of methylmercury in fish

tissue in Cottage Grove Reservair. This report noted that the tissue concentrations approached or

exceeded the United States Food and Prug Admxmstmnonﬁm;t for hurnan consumption for
commercially caught fish.

In 1994, researchers with Oregon State University obtained soil samples from near the mine and
sediment samples from Cottage Grove Reservoir and its tributaries. The sampling data from the
recent OSU research appears to support the conclusion that elevated mercury levels in sediments
can be traced to the Dennie Creek drainage, and may result from off-site transport of soils and
mine tailings from the Black Butte Mine. . ,

The soil levels detected at the mine and in the vicinity of the kiln ranged from approximatzly 100
ppm to 350 ppm. The residential sofl maximium for mercory in the DEQ Soil Cleanmp tehles is
80 ppm, and the Industrial cleanup level is 608 ppm. The EPA Region T Risk-Based
Concentration (RBC) Tables show an industrial soil ingestion RBC of 610 mgfke 2nd a residentis}
soil ingestion RBC of 23 mgrkg. The soil screening level for transfers from soil to groundwater
is 3 mg/kg. No information on leachate concentrations ar the site is available, :

The znalysis results are found below in tables 1 & 2, and cnrmspamimg sampling lecanons are |
a::achzd as figpures 2 & 3. , .



Sample Site | Number of Samiples Mercury Concentration in Soil or
Sediment, pgfg dry wi,

1 1 190

2 2 271 +£7

3 2 267 £ 29

3 2 223 + 119

s 2 22 £21

3 2 19 41

7 3 3Ll

8 3 t3x02

9 3 13 % 0f6

Table 1: Mercury Content in Soil and Sediment Samples it the Vicinity of Black
- Butte Mins. Modified from Jeong-Gue, Park, OSU Department of Fisheries and
_ 'Wildlife, unpublished datz, 1994. Also see Figure 2.

-USampls Site | Mercury Concentration in Sediment, pg/g dry wi.
1 0.83 £ 012
2. < 4.01
3 0.08 + 0.01
4 175 £ 0.10

5 < 0.01

6 0.35 + 0.05
7 0.18 £ 0.03
8 0.68 + 0.07
g 1.03 £ 0.02
10 1.11 4+ 0.01

Table 2: Mercury Concentrations in Sediment Samples from Cottage Grove
Reservoir. Modified from Jeong-Gue, Park, OSU Départment of Fisheries and
Wildkife, unpubhs’ncd datz, 1994. Also see Figure 3.
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Pigure 2

661 asd Sediment Sampling Site Locations
Bear Black Burre Hine, From Jeoug~Gue,
Park, OSU Department af Pisheries and
Wildiife, unpublished data. 1994.

‘Black Butte
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Fipure 3 .

Sedirent Sampling Sttes in and Arzoumd
Cozctage Orova Reservoir, From Jeonp-Gue,
eark, OSU Department of Fizherfes and
Uikdlife, uapublished datz, 1995,

Wilson Creek

@ Sediment Sample
A Water Sample -
) 1 Sediment Sample for Oxidation

. ) Fish Species Colicsted in Reservoir:
Witlametie
River BULES == Bass D Buegit
] 1 ! . _
@ Catfish E@ Crappie

o 5 |
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. In March 19, 1996, DEQ staff visited the site in conjunction with this PA. Public access to the
site #5 limited by a gate on the property entrance road. Permission to enter the property was
obtained from the property owner prior to the DEQ visit. The purpuse of the site visit was to
evaluate current site congitions, cotfirm anecdotal information zbout the tailings pile and the road
system at the site and to idenrify other potential envirommental issues associated with the site.

Several of the reads that currently traverse the site appeat to have been surfaced with the reddish
mine tailings (see Photos 1&2, Appendix A). As noted previously, nmch of the sits was logged
recently, and road building for the logging efforts apparently made extensive use of the-tailings.
A failing portion of one of the main roads at the site (see Photo 3} also shows clearly the use of
the distinct reddish mine tailings that appear to have been used over the years for roads at the
s, -

The tailings pile {s quite extensive. The top of the pile is fairly level, and has beenused by
woodcaiters at ¢he site (s=¢ Photo 4). There is aiso evidence of excavation of the pile over time,
apparently to provide the rozd surfacing rock as described above. Part of the toe of the tailings
pile stopes directly into Dennis Creek at a very steep angle, and appears to be eroding directly
into the creek (see Photo 5). The tailings pile stands approximately 50 feet sbove the cresk and
appears to front the creek for approximately 600 feet (see Photos 6&7): A gravel bed inthe |
creck shows signs of the red-colored ore (see Photo 8) at a location downstream from the taxhn,s
pile.

The mine adits observed at the site are full of water, and at one location the water is flowing out
of the adit toward a road (see Photo 9). As noted above, some parts of the roads at the site are
subject to mass wasting, which may canse additional sediment joading to surface water features.

Based on the indications of elevated mercury levels in fish at the reservoir, the Lane County
Health Department, in cooperation with the Oregon Health Division, has posted health advisories
recommending that fish consumption be Emited for fish caught in the reservoir (see Photo 10).
The warning recommends no fish consumpdion for pregnant women and children under six years
and 8 cunces per week for healthy adults. Based on weekday recrestional use of the reservoir,
this warning may not be heeded {sae Photosil & 12).

Soil Pathway

The soil pathway has been impacted, and elevated levels of mercury are found in soils around the
mine and asseciated structures. While the site is fairly remote, and is accessible only via a stesp
gravel road, there are indications that the site is used for woodcurting, which coufd result in -
dermal exposure to mercury-bearing ¢ailings. See Appendix B for Pathway summary shests,
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Surface Water Pathway

The surface water pathway has also besn impacted. It appears that surface wansport of soil and
sediment has resulted in widespread contaminant distribution downstream of the mine site in
Demnis Creek, the Coast Fork Willamette River, and in Cottage Grove Reservoir. The
contamination is reflected in downstrvam sediment mercury contgatrations that appear (o be
higher thas mercury concentrations int upstream sediment samples. Cottage Grove USGS and
OSU researchers have also discovered elevated mercury levels in fish tissue in some of the water
bodies noted above. It is belisved that inorganic mercury available in sediments is biologically -

" transformed to methylmercury, 2 form that is available to benthic orpanisms, planws and other
aquatic organisms. As mercury tends 10 bic-accumulate, this results in increasing concentrations
- in fish tissues over time, US Army Corps of Engineers data indicates that in 1993, 350,000
visitors used the reservoir and that 24% of these visitors fished the lake. In addition, recreational
use of downstream waier bodies may result in dermal exposure to sediments. One surface water
intake is present within a § mile radius of the site. The London Water Co-op mtilizes a reach of
Beaver Creek before its’ confluence with the Coast Fork Willamette River. Therefore, there is
very tow risk of mercury comtamination from the Black Butte Mine affecting this water supply.
There are no other drinking water intakes within 15 miles downstream of the site. As noted
previously, Conage Grove Reservoir is used as a nesting area for the bald eagl.., a federally
designated threatened spcctes See Appendix B.

It is not clear whether the groundwater pathway has been impacted, Two aguifers have been
_identified in the site vicinity: a shallow alluvial aquifer along the creeks and rivers and 2 degper,
bedrock aguifer. There are no public groundwater supply wells within a 5 mile radius of the site.

There are 13 bouseholds present within 2 1 mile radius of the site, which ust groundwater for
damestic water supply. Well fogs for the vicinity of the site show that the first water bearing
strata encountered is &t depths ranging from 29 to 93 feet below ground surface (bgs), in the
bedrock (see Appendix C). There is ne information to ndicate that mine activities have impacted
groundwater at the site, and it seems uniikely that potential nxine-related mercury contamination
of groundwater conkd be differentiated from groundwater that comes into comact with naturally
occurring mercury in area soils. See Appendix B.

The air pathway may have historically been impacted while the mercury kiln was operating, but

there does not appear to a major current impact 1o the air pathway, Wind-born dost transport

from tailings piles or exposed soils may have a potential Impact o nearby streams, and could

potemtially impact dowp-wind residences, however, the prevailing winds in this area are from the

west to scuthwest, and wouid mnd 1o biow away from the nearest residences. The air pathway
-will pot be evaluated farther. A
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As noted previocusly, mercury tends to bis-accumulate.  Although there is Emited data available,
and this dam is of uncertain quality, it appears that mercury loading in streams and in Cottage
Grove Reservoir is exacerbated by historic and current surface water trapsport of sediments from
the Black Butte Mine area and the Black Butte Mine tzilings pile. Fish tissne samples
downstream of the mine have been found to comtain elevated levels of methylmercury,

Based on the demunstrated impact to fish in Cottage Grove Reservair, and the associated potentis!
threat to human health, it is recommended that & Site Inspection be carried out to more fully
evaluate the threat associated with the mine and tailings pile. Concern exists about potential
impacts to soil, surface water and gmundwater pathways, therefore sampling of domestic wells in
» the vicinity of the site and sediment 2nd fish tissue samples from downstream surface water

. bodiss appears warranted.
Referencas:
An Ecoregion Approach to Mercury Dynamics in Three Oregon Reservoirs, Susan M. Allen and
Lawrence R, Curtis, Oak Creck Laboratory of Biology, Department of Fashe.rms and Wildlife,
Oregon Statz University, Juns 10, 1991,
Mercury Dynamics and Methylmercury Accurudation by Fish in Three Orepon Reservoirs,
Lawrence R. Curtis and Susen Allen-Gil, Deparnment of Fisheries and Wildlife, Oregon Stte
University, March 10, 1994,

Unpubhshe:t data conected by the Oregon State Utuverstzy Dcparmen: of Fisheries and Wildlife,
Jeonp-Gue, Park, '

Quicksiiver Deposits in Oregon, 1. Brooks, Oregon Department of Geology and Mineral
Industries, Miscellaneous Paper # 15, 1971.

Soit Survey of Lane County Area, Oregon, USDA Soil Conservation Service.

Results of Cottage Grove Bald Eagle Egp Analysis, U.S, Fish & Wildlife Service, Portland Field

USGS data on mercury, multiple station analysis, 1992 and 1953,
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Photo Log: Black Buite Mine Site
Date: 3/19/96 (Notz: Due to the Leap Year, photo date featurs printed 3/20/96)
Location: Black Butte Mine, Lans County
Weather: Partly cloudy, cool

Photographer: Keith Andersen

Camera: P-mxx IQ Zoom WRYG  Lens: Zoom 35-90 Fifm: Kodak ASA200
No, Direction Facipe ;

1 N Road surfaced with tailings

2 NE Ercsion of road surface

3 _ S8E Mass wasting exposing layers of tailings
4 SE Adis with water draining towards road

5 W Excavated area of tailings pile

14 N Steep slope of tailings pile above creek
7 E Side view of toe of taflings pile

8 S Fromt visw of tailings pils

9 E Sediment bar in Dennis Cregk

10 S Health warning at Cottage Grove Lake
11 SE . Recreational anglers at C.G. Lake

12 E Recreational vse at C.G. Lake
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Groundwater Pathway

No. _ Aguifer Name " Type . Overlaying Imerconnscred -
Na. with

1  Allvial Umconficed  NA NA

2 Fisher Formation ~ Confined NA . NA '

Comtainment

1 Teilings Pile - , : 10 (from Table 3.2)

1 Rpads - 10 (from Table 3.2)

Net Precipitati

Net Precipimtion: 60 inches/year

A.  Depth to Hazardous Substances - 0 fest bes

B. Depth to Aguifer from Surface - >29 feer bas

C. Depth to Aquifer (A -B)- - > 20 feet

Al Jayers Rarst? | ' . No

Thickness of layer(s) with Lowest conductivity? _ 20 fest
Hydraulic Conductivity? Uile*, use 10710 10° emvfsec

* - estimated rangss for frachued ignsous or metamorphic bedrock


http:S.OMCS.XQ

HRS Groundwater Form
Page 2
Population by Well
| No.of Wells WellID# - | Sample Type Distance Contamination | Population
1 : 4 (miles) Level
1 NA NA~ 0-1/4 NA 1
3 ; NA NA 1/4-1/12 NA 3
3 i NA NA 1/2-1 NA n
21 NA NA 12 NA 48
24 NA NA 23 NA 6
36 NA - NA 34 NA 8
34 NA NA o 45 NA 71
Distance Category { miles) . Population
- 0-14 1
1/4-112 4
1/2-1 16
S 12 62
2-3 . 108
34 190
NA
00620




SURFACE WATER PATHWAY

Segment Segment Water Start Point End Point Average Flaw -

No. - iD/Name Type Type {mi) © - {mi) {cfs)
1 17080002-011  Artificisl NA WA NA " NA
Cottage Grove  Lake
Reservoir - ‘
2 17080002013 large stream  NA 28 37 200
Willamette R., ‘
Coast Fork ,
3 17080002-014 - minimal NA ' 4 2.8 WA

~  stream
Garroute Cresk

POTENTIAL TO RELEASE

Potential to Release by QOverland Flow

No. . Souree ID Containment Vaiue
Tailings Pite 10
2 on-site roads 10

Distance to Surface Water O feet

Bunoit

A. Drainape Area ' < 50 scres
B. 2-yesr, 24-hour Rsinfall 3.2 inches
C. Soil Group B

o)
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Potential to Release by Flood

No. - Flood Cunmhment Vatue Flcod'Frequenéy Value
1 10 | 25 '
.2 10 ‘ 7
P ial ¢ N
Intake D Average Annual Flow {cfs)  Population Served
NA NA - : NA

Location of Nearest Drinking Water intake: Nesrest surfece water intake is 4.2 miles distant, on a
tributary of the Coast Fork WiHlamette, and is not impacted by the site contamination. There are no other
known sorface water intekes within 15 miles down stream of the site,

Besources

Resources Use: Cottage Grove Reservoir and the Coast Fork Willamette River are used for recreational
fishing

Annusl Production Type of Surface Average Annual ?lnw

Fishery _ o {ppunds} o . Water Body. {cfs)
- NA . NA _ NA ‘ NA
’
Type of Surface Watser Body Sensitive Environment Sensitive Environment Value
. Larme Stream (17090002-013} Endangered species habitat 75
&



Wetlands
Type o_f Surface Watar Body Wetlands Frontage
. NA ' NA

00023



SOIL EXPOSURE PATHWAY

Workers: NA
Resources:
Temestial Saﬁs‘xtive Environiment © value
NA Table 55
, ) Attractiveness/ Area of Contamination
po. Source 1D tevel of Contamination Accessibility {sq. fesat)
1 Taflings Pile BO mg/kg mercury 10 162, 000
2 taflings on 50 mg/kg mercury 10 113,000
road surfaces '
8
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o U.S. FISH & WILDLIFE SERVICE
PORTILAND FIELD OFFICE !

RESULTS OF COTTAGE GROVE BALD EAGLE EGG ANALYSIS

BACKGROUND

Coetage Grove Reservoir, located in Lane County, Oregon, exists in a geological region
characterized by volcanic formations containing naturally occurring mercury. As e
result, exrensive mercury mining once occurred in this area. The second largest
mercury mine in Oregon Biack Butte Mine, lies approximately 2 miles south of Cotrage
Grove Reservoir in its headwaters and was active intermittently from 1882 to 1968
{Brooks 1971, as cited in Allen and Curdis 1951). :

Aguati¢ organisms can 1 bioaccumulate mercury to dangerous levels in bodies of water in
areas containing high levels. Bacteriz fiving in sediment can convert mercury intg an

oz*-ganic form known as methyhnercur}t. Methyimercury is absorbed directly by aquatic ~

organisms and is also tpken in through the food they eat. - Mercury burdens have been
detected in water, sediments, and fish in Cottage Grove Reservoir and are mast likely
derived from natorai mercury deposits exacerbaced by past mining within the bas.m
(Allen and Curtis 1991} }

A substantial proportion of fish cellected From Cottage Grove Reservoir show mercory
concentrations which exceed the U.S. Food and Drug Administration maximum limit for
mercury in commercially soid fish (I ppm) [Allen and Curtis 1981}, Consequentiy, 2
public heaith advisory has been issued for a number of yesrs for consumption of fish
taken from the Cottage Grove Reservoir, Concerns have developed regarding mercury
accumulation ip piscivorous birds Fnragmg in Coctage Grove Reservoir and the potencial
for adverse impacts.

A bald esgle {Helinestus leucocephaivs) nest, _locatad on the Cottage Grove Reservoir, -
has been occcupied since 1988. Breeding artempts were unsuccessful in 1988, bur
successful at producing 2 young in both {389 and 1990. in 1991, the original nest was
blowdown and 2 new nest was built, successfully producing 1 young., The oest failed in
1992 and an addled epg was collected in May for chemical analysis of trace elements.

METHODS

Specialized tree-climbing equipment was utilized to enter the eagle nest and collect the
addled bald eagle egg. The epg was cooted on ice during transport to the Portland Fieid
Qffice where it was refrigerated at 4°C until processing. Egg length, widrh, whole
weight, and volume were measured. The egg was scored at the equator wn:h a scaipel
and contents were released inte s chemically-cleaned glass jar. Embryonic development
was noted. Egg contents were frozen at ~13°C until shipping to the Patuxent Analvrical
Conrrol Facility (PACF) for trace element apalysis,

Anslytical methods included sample bomogenization followed by digestion for
tnducrively Coupled Plasma Emission {KCP) and Graphite Furnace Aromic Absorprion
Measuremencs {GFAA). ICP measurements were quantified using 2 Leeman Labs Plasma
Spec | sequential or ES2000 simulteneous spectrometer and GFAA mezsurements were
quantified using a Perkin-Elmer Zeeman 3030 or 4100ZL atomic absorption

spectrometer. CVAA was used to quantify levels of mercury using SNC14 as the
reducing agent employing a Leeman PS200 Hg Analyzer.

00027
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Quality control snd quality sssurance of analytical date was reviewed by PACP,
Accaptable performance {recovery variation averaged <20% for all chemicals detected)
on spikes, blanks, and duplicates was documented in the taboratory quality control
report. :

RESULTS

Results of the chamical analysis are presented in Table {. Many of the trace siements
including esrsenic, barium, beryllium, cadmium, chromium,, molybdenum, nickel, lead,
and vanadinm were below detection ievels. Concentratfons of seienium, and zinc
detected in the egg sample did not surpass levels associated with adverse impacts
{Heinz er af. 1989, Gasaway 1872, respectively]. Other elements detected in the egg
{aluminum, iron, magnesium, manganese, strontium} ere not typically associated with
impacts to fish-eating birds and information is lacking regarding residee-levels related
to adverse impacts. ’

The concentration of boron detected in the eagle egg does not indicate a level of
concerns. Although the residue detected io the Cottage Grove egg exceeds the median
lethal dose {(LDsq} for borax injected into domestic chicken eges, it does not exceed the
LBg, for boric acid injected in chicken eges (Eisler 1990). Further, the boron
concentration in the Cottage Grove bald eagle egg did not exceed the level Smith and
Anders {1989] associated with deleterious affects in mailard duckiings. .

Mercury concentrations in the hald eagle egg were 2.9 pp/p, dry weight ((L76 pg/g, wet
weight). The significance of mercury residues in bald eagles is not fully understood; and
it is aot currently pessible to predict a mercury level associated with unsuccessful
reproduction (Eister 1987). For example, bald eagle eges collected astionwide contaired
mesen mercury concentrations of 0.15 pg/g {fresh weight) from seccessful nests in
cantrast o 0081 pe/g in eggs from unsuccessful pests (Wiemeyer et 2L1984, as cited in
Eisler 1987). Although the precise significance of the mercury residue in the Cottage
Grove eagle egg cannot be determined, the egg concentration is up to 7 times greater
than nationwide levels reported above (Wiemeyer et af, 1984). Residues were also’
higher than those found in eagle epgs collected from the Columbia River in 1991 {0.11

and 0.25 pgfg wet weight) {U.S, Fish & Wildlife Service unpublished data] and 1988

{geometric meen = 0.19 ug/g wet weight; n=13) [Garrett er 51 1988]. A mercury :
threshold level for raptor species is unavailable, therefore, data for other avian species

~were used for comparison, The mercwry residue in the Cottage Grove bald eagle egg

approaches levels associated with reproductive impairment in & variety of other svian
species: white-tailed sea eagles, common loon, and several seed eating species were
affected ar residues of 1.3 to 2,0 pg/g fresh weight (Fimreite 1979 as cited in Eisler
1987); ring-necked pheasants berween 0.9 to 3.1 pg/g fresh weight (Spann et al. 1972 as
cited in Eisler 1887); and mallard ducks 0.7% to 0.86 ug/g fresh weight {Heinz 1979),

“CONCLUSIONS -

The majoriti'y of trace element concentrations detected in the bald eagie egg collected
from Cottage Grove do not appear st levels of concern. However, bald eagie egg
mercury residues surpass averages for the nation and the Cobwnbia River and approach

. levels associated with reproductive impairment in various other aviaa species.

Addicional investigation would be needed to determine if Cottage Grove eagies are
being impected by eleveted mercury concentrstions.
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Table 1. Trace element concentrations in a bald eaple egg® collected near
the Cottage Grove Reservoir, Oregon, 1992,

Trace Element

At
As
B
Ba
Be
Cd
Cr
LCu
Fe
Hg
Mg
Mn
Mo
Ni
Pb
Se -
S -
v
Zn

LConrzminant Concentration

{uglg, dry we)  {(ugieg, wer wt.}

22.6 ' 5.96
<457 120
2.01 530
<.455 <. 120
<0811 <024
<.0%11 <024
<455 <120
4.19 L0
39.2 10.3
2.9 ' .765
493 : 130
634 167
«.455 . <120
<455 T <120
‘<.455 ' <120
2.04 .538
7.99 2.10
<.455 €120 -
45.3 118

¥percent moisture = 73.6

e AL IR Lt § Y Svtroad B T oY Sy o4 S

[PRY Y S

C i rtw amae mhiar



LITERATURE CITED .

Allen, S.M., and L.R. Curtis. 1991, An ecoregion approach to mercury dynemics in three
Oregon reservoirs. Final Reporr to Oregon Department of Environmental Quality.
~June 10, 1891. 24 pp.

Brooks, H. 1871. Quicksilver depadsits it Cregon. Department of Geniagy and M!nara}
Industries, miscellaneous paper # 15,

Eisier, R. 1987. Mercury hazards to fish, wildiife, and invertehrates* a syneptic review.
U.5. Fish Wildl. Serv. Biol. Rep. 85(1.10}. 90 pp.

" -1999. Boron hazards to fish, wildlife, and mvertebrates* a synnptxc review. .S,
Fish WHal. Serv. Bial. Rep. 85(1.20). 32 pp.

_ Fimreite, N, 1878, Acmmuiancn and effects of mercury on birds. Pages 601-6Z7 mj O .

Nriagu {ed.}. The biopeochemistry of mercury in the environment.
Elsevier/North-Holland Biomedical Press, New Yark.

Garrett, M., R.G. Anthony, J.W. Watson, and K. McGarigal. 1988. Ecology of bald eagles
en the Lowsr Columbia River, 1,8, Army Corps of Eagmeers Conract No.
DACWS7-83-C-0100. 189 pp.

Gasaway, W.C. and LO. Buss, 1972, Zinc toxicity in the mallard duck. J, Wildl, Mgmt.
36{d): Ilﬂ?—IlI?

Heinz, G.H. 1878, Methylmercury: reproductive and bebavioral effects on three
generations of mallard ducks. J. Wildl. Meanage. 43{2}:394—401.

Heinz, G.H., D.]. Hoffman, and L.G, Gold. 1983, impaired reproduction of malterds fed
~ an organic form of selenium. J.Wildl, Manage. 53{21 418-428.

Smith, G.J., and V.P. Anders. 1989, Toxic effects of boron on maliard reproduction,
Environ, Toxic. Chem. 8:943-850.

Spann, }.W., R.G. Heath, ].F. Kreitzer, and L.N. Locke. 1972. Ethyl mercury p-toluene

suifonanitide: lethal and reproductive effects on pheasants. Science 175:328-331.

Wiemeyer, SN, T.G. Lamont, CM. Bunck, C.R, Sindelar, ¥.}. Gramiich, J.D. Freser,
and M.A. Byrd, 1984. Organochlorine pesticide, polychlorobipheny!, and mercury
residues i beld eagle eggs~1969 - 1579%—and their relationships to sheli thinning
and reproduction. Arch, Environ. Contam. Toxicol. 13:529-5489.

- - 00030

*y

f PR
B et e



Mercury Dynamics and Methylmercury

Accumulation by Fish in Three Oregon Reservairs
March 10, 1994

Lauren:e -R. Curtis
) : and
- Susan Allen-Gil

Department of Fisheries and ¥ildlife
Oregon State University

, A Final Repert for
Oregon Department of Environmental Qua}ity
Portlang, Oregon



- TABLE DF COWTENTS

Abstrict B e R R A A S R N R S A E R RN AN NN TN KRN

Page
1

TOEFOGUCEION «evesenns e ee s sneannnsnnannnennasseasastsnnnnnnienneensesses 3
5

Site DesCription ... iurvenerranriinerencmer riasassnnasareorrraarrinn

v

GROTDGY «ivinevinsoacesnmeccassnnussosassstsssnnssnsoransrasanarrrns
Historical MENing Practices ...c.eeeeveveveisenernsioiornscesanenes B
BEEROAS . ovnsvansnrssienesnrainessnsrmsssnssseteennensesneesesaseesnesas 10
Fe1d SaMPIENGg - vovneerreninreeeoenrioasessrrencscnsanasensasancess 10
Chemical Analysis .....i_.;.‘.i.....f‘*i......;.i‘..............,,. 12
RESUTES vvveunrnreeeseeeeervnsseennnessnneensnnnesmnsssesnneesnssrnaneennss 16
Mercury in Water ...i.ciiiiieciiiieiieiurinionaresnciasrrsiccanaers 18
Mercury in Sediment ..ocvrviicnreccsnassinnctronsessasscacerravseuns 18
Merctury B FiSh ..oiciciveveniroiuarivevennnesaasonseosorsscrnsonnres 20
Discussion ..‘..‘......;-..-.‘...-...,...........,..;..................... 22
MErcUry iR Naler .oc.eerrinececconncaccnnsasenannstaiaronanssasseves 22
Mercury in Sediment ....‘......;...,......i.....,.....,......;....‘ 23
METCUPY TR FISH ..iieenrenevnanrocccssnacsarsscarcasnnacsnsannncens 25
Factors Affecting Bioeccumulatfon ,,;,_..,,,.,.,.f*,,,,,,,,_.,,._,,' 27

CONCTUIONS e e iieerinicrannnarrosaconnactnenanenan

B 4



ABSTRALT

MERCURY DYNAMICS AMD METHYLMERCURY ACCUMULATION BY FISH IN THREE OREGON _
RESERVOIRS. L.R. Curtis. Department of Fisheries and Wildlife, Oregon State
University, Corvallis, OR 87331

_Bisaccumulation of methylmercury by fish, sediment and water organic and
inorganic mercury concertrations and po;tenti:a'l‘ inorganic mercury sources were
: .assessed in ‘three Oregon reservoirs [Ochoco, Owyhee, and Cottage ércve) which(
occur in .distinct ecoregions. Ecoregions were distinguished by tnp&graphy, '
geology, soil type and composition, and tand use patterns. We examined pﬁ,
dissolved oxygen, hardness, and conductivity of the water; compliexing agent
Tevels, vo!atﬁe solids and cinnabar content of sediment to guantitate

A differences in environmental conditions between study sites. Mercury
concentirations in water were below detection (0.2 ppb) in most water sampies
from the 3 reservoirs. iIn samples above deteﬁ:tion, mercury was probably
pr&dbmﬁ.nawt‘iﬁy in the particulate fraction, and thus not in true solution.
Mercury in sediment occurred in the inorganic state; methylmercury wzs below
detection (0.2 ppb) in 83% of 2l samplies. Significant differences {p=0.05)
in sédiment mercury concentrations were found between the reservoirs and
‘betwesn sampling dates within each reservoir. Despite the low mercury levels
in water and sediment, mercury in fish over 4§ years old tested above the FDA
Timit of 1.0 ppm. More than 90% of the mercury was organic mercury in all
fish. Mercury in lateral muscle did not differ significantly between

smalimouth bass in Owyhee Reservoir and largemouth bass in Eatiage Grove

1
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Re;ervoir. We conclude that although ecoregion parameters alone do not
expiain mercury dynamics, they may infitence the methylation rate in areas of
similar Toading tat_es‘ Futitre work should consider m‘ltiple .fish speéies and
examine within ecoregion variability in lakes with different histories of |
mercury occurrence- n their watersheds. (Supported by USEPA, grant S-
000357701}, | -
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IKTRODUCTION

Mercury is a ubiguitous m-etai. occurring in different concentrations in the
seil, rocks, air and water throughoit the worid. Elevated concentrations of
mercury in surface water can be derived from many saurces; including natural
processes and anthropogenic losses. Natural pmesses»-‘mdude:vo‘icanic and
atmpspheric deposition, degassing, and surface runoff and erosion of
‘mercuric soils; anthropogenic sources include mercury mining and processing,
processing of gold and silver ores, energy related act,iviti.'es. pesticide
application, chloro-alkali operations, and smeller emissions from other

industrial processes (Aa&rep and Hrizgu, 1979).

Methylmercury {MM) concentrations in some Oregon reservoir fish exceed the
1.0 ppm U.S. Food and Drug Administration Yimit for tuman consumption {DEQ, .
peErs comm.: Worcester, 197%; Lowe et al., 1985). The goal of this pruj’ect_
was to identify atiotic and biotic factors contributing to accumulztion of
M4 in fish tissue in three Oregon reservoirs in diffetent ecoregions. The
specific nbj'ecfives were to identify probable sources of mercury in the
reservoir systems and paramgters affecting M dynamics aﬁd hida\rai?‘_{ai:«ﬂitx-,
and to examine the extent to uhjch ecoregi'on-‘iewe’l parameters influence MM
dynamics in these reservoir systems. An ecoregion is defined as an arsz in
which within-region variation is less than betwsen-region variation {Gailant
et al., 198%). While ecoregions can be distinguished based on &lwost any
physissgeoéraphica! feature, a common suite of parameters is land surface

form, puténtia] natural vegetation, land use and soil characteristics

3
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{Omernik, 1986). Limnological and biological features of aquatic ecosystems

are largely determined by these broad-scale parameters.

Ecoregion phénomena directly and indirectly inf‘éaence the dynamics of
cnmpdunds in the enviromsent. Wineral cm;fpusiticn of soi?s and Tand use
practices within P watershéd have ﬁa,jor impacts on mercury leading rates.
Indirectly, the physical, chemizal, and biological features of an aquatic
system influence mercury dyna;'lics (Hakanson, 1980; Akielaszek and éaines,
1981). Given these ‘ebservations, an ecure;iun approach fo mercury dynamics
‘and‘bicaocmnu'latiun. seems to be an approprizte model. We have developed
this mdé? with the assumptions that mercury-' burdens in the reservoirs are: |
largely ‘d&ﬁved from their watersheds and that mercury bicaccumul ati’on .by .
fish is generally related to the cnﬂcehtr'aatiun of total bioavaitzble MM,

- To iwe;:tigate the validity of an ecoregion approach, we examined both
quatitative and quantitative ecoregion parameters as they relate to mercury
concentratians §n water, sed‘imgnt and fish. The gualitative parameters are
those which define ‘écaregiuns {Tand surfacé form, potential hatnfa‘l ‘
vegei_:atien, land use and soils). The quantitative parameters examined were
pH, conductivity, hardness and alkal inify of the water column, and the clay
and organic matter content of the sediment. In addition, characteristics of
the specific drainage basins were compared; these include basin area,
relief, annual precipitation and land uses. Limnological features of each
reservoir were also considered. The interactions between mevrcury

concentrations in sediment and MM in fish were also investigated. -
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SITE nescaimbﬂ

Cottage Grove, Owyhee and Ocheco reservoirs are lacated in three distinct
'eccr,egv'on's (Fig. 1}. Drainage basin and Yimmological characteristics of the
study reservoirs were_cumﬁared to sther reservoirs within the gcoregions
{Johnson et al., 1985) and were considered representative— of reservoirs of
similar size iiethin the ecmgi&ns; The specific characteristics of each

drainage basin are summarized in Table 1.

Geslogy

. The geology of 211 three arsas is ¢haracterized by a combination of
sedimentary and-volcanic formations. The area surrounding Cottage Grove
reservoir is older Cenozoic marine aﬁd; estuarine sedimentary éepasité with
minor amounts of volcanic elements; the Ochoco area predaminantly contains
mgtaSedimen'tary and mtavnica_nic formations; and the Owyhee Tegion is a

mixture of deposits of sedimentary and velcanic origin (Baldwin, 1976).

Geothsrmal activity is high in the Owyizee:';rea, moderate in the Ochoco aréa-,
and virtually imde»tectab'ie in the Cottage ﬁfnve basin. Therefare, the
potential contribution of gesthermal vemting to mercury loading is 1ikely ’::o
vary accordinglty among the three reservoirs based on the differences in

gedthema? activity.

. i 9
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Table 1 ~ Drazinage bzgin- characteristics

 Drainage basin area (kﬁz}
Annual Precipitation (cm}
Land use (% total area)
furest ’
Range
Surface area {ha)
Average depth (m}
‘Shoal area (%)
Retention time
pH
Conductivity (mmhos/cm}
Sulphide (SO; mg/1}
Dissolved oxygen (my/7)
Trophic status

‘Cottage Grove
257
122-157

96.5
- 1.0
461

9

17

Z mo
7.T
63
1.2
.2

mesotrophic eutraph%c

Ochoco

. 288

43-54

73.8
21.3

388 -

8.4
23
.5 m
B.4
187
3.9

Dwyhee

- 11,3160

25-64

6.5

160

1.7
g.3

eatrﬁphic

Compiled from: Johmson. et al., 1985,
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While mercury most frequ?nﬂy cccurs as deposits in rock fractuores and

'veins, it may also be found in ﬁm- cnm:entraﬁi-ons in other gfeo‘ingic
formations. In the Owyhee River area, mercury is commonly found as an
anomaly, present in 12 of 23 randon outcrop rock-chip samples where
concentrations averaged 0.3 ppm [Gray et al., 1983).

Historical Mining Practices

Extensive mercury mining was performed in all three areas (Fig. 2}. As'is
itrué_far- all mercury mines in the state, production octurred primari!y‘frém“
the late 1800s until 1950, with peak production winc%diﬁg wéth war years.
Since 1950 the increased Korean mevcury production and the- surplus from war
years have saturated the mercury markst a&& decre‘a#ed prices such that

Oregon mines have ceased production (Brooks, IS7I).

' The second largest mercury mine in Oregon, Black Butte Mine, is Tocated 2

" miles south of Cottage Grove Reserveir, within the drainage basin (Brooks,
1971). Active intermittent! y from 1882 to 1966, this mine produced 18,156
flasks (Brooks, 2971). The ore in this area has been Yow-grade,

" approximately 0.175% by weight {B‘rpuks, 1871). AYthough there are no
mercury mimes fn Oregon in the Owyhee basin, Brooks (1971) reported that one
'of the leading nationzl mercury producing m*izl;es {n the ::nurutryAis in the
Nevada section of the drainsge basin. This could not be confirmed.by maps

of mercury occurrences in Nevada (see Lawrence and Wilson, 1962).


http:confirmed.hy

COTTAGE GROVE RESERVOIR DAAIRAGE DASIN GCHOCO RESERVOIR DRLEMBGE BASH

corEags
CRUVE
agstavpm
el S LN °

2 4 &
suawlTEes
OwWYHEE RESERVOIA DRAIKARGE SASIN
Owpors
iy [
[ —— » 1
. ”~ i fowrmee
i. [ J/! AL SERVONR
Hqs - !
B 3 ws oo Basin  Boungories
ai !
z‘%i ¢ ®- Mepreory Mines

> Mereviy Bagsrinn

L3
0N TERS

Figure 2 - Mercury mines and deposits in the three study aress.
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Mercury in the Dwyhee basin may be derived from its use in gold and silver
e:r-:tractinn. Extensive gold and silver mining took place in the Jordan Creek
region af Owyhee basin betwzen 1850 and 1920 (Hill, 1973). !iemw used in
the amatgamztion process can be lost to the environment through inefficient
recovery afler distillation. It has been estimated thaﬁ, 76 pounds of
mercury weré lost daily during mining years in Idahe (Hi11, 1973).

Mercury productica in Ochoca basin has been from several small mines, due to
the discontinuous faglting in this region (Braoks, 1971). Prior to 1943,
the four mines in the Ochoce basin (Byram-Oscar, Staley, Champion, and

Taylor Ranch) collectively produced 857 flasks (Brooks, 1571).

METHODS
Field Sampling
Two or three sites were sampled for water and sediment at each reservoir,

depending on the reservoir size and water level (Fig. 3). Mater and

sediment sampies were collected in September 1989, and June and September,

.198¢, and sediment oniy in September 1992. Water samples were collected 0.5

mw from the surface in 11 polyethylene bottles, pre-wished with HNG,. Core
sediment samples were obtazined using.a 1° ¢ PVC pipe. The uppermost 5 cm of

" the core was transfefr-ed into a pyrex piate, mixed and placed in 250 ml

polyethylent bottles, pre-washed with HNO;. All samples were frozen .
immediately, and stored frozen until subsequent analysis. The following
parameters were also measured at each site: water pH (Orion Model 250 pH
met-ér), conductivity, and dissoived oxygen (Winkler method].

10
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" Fish were collected by electroshocking in cooperation with the Qregon
Department of Environmental Quality in September and October, 1998, or by
anQ‘Hng in September and October of 1952. Fish were fitleted in the field,

and fillets {with skin) were inmediately frozen and stored frozen.
Chemical Analyses

* Total mercury in water: Total mercury concentration in water was determined
-using cold v-apbr atomic absorption according to the procedure in Standard
"H‘etﬁods for the Examination of Water and Wastewater. A 100-mt volume of
each sample was transferred to a 250 ml Erienmeyer flask, to which 5 ml
concentrated K,50, and 2.5 m1 concentrated HHO., and 15 ml of 5% KMnQ, were
ad‘deé.‘ After fifteen minutes 8 I.ﬂ of 5% K,5,04 uas added to each sample, and
the flasks weré heated in a 95°C water bath for 2 hours. The samples were
cooled to room temperature, transferred to 250 ml gas-scrubbing reaction
, ﬂésks, treated with 8 nl of 24% HaCl-hydroxylamine sulfate to reduce excess
" Kmno,. Iemediately following the addition of 5 wl 10% SaCl, in dilute Hcl,
~ the flasks were supplied with flow-through nitrogen gas {2 1/min). Mercury
' vapor was passe& thraugh a2 Coleman Model 50 mercury 2nalyzer (Perkin-Elmer
Co., Maywood, IL), connected to a Microscribe 4500 recorder set at 5mV.
" [The Recorder C&mpany, San Marcos, TX). Peak arsa was calculated as height
X width at half-height. Unknowns were determined using a standard curve,
based on HgCl, in HNO, (0.25 - 1.0 pg/1). Hore than 75% of water samples

were analyzed in duplicate.
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Total mercury in sediment: Sediment samples were analyzed follawing the

maethods outlined in Buhler et al. (1984). After initial preparation and
hot-acid digestion, this procedure is very similar to the analysis of water,
Thoroughly mixed sediment samples (3-5 g) were dried o a constant weight in
a 60°C oven {approx. 96 h). Samples were crushed using a ceramic mortar and‘
pestle, and passed through z I mm mesh screen. Particles that did not pass
through the screen were pulverized a second t.it_ae, and scresnsd. Any
remaining material was discarded. Subsamples (8.5 - 1.5 g) were weighed and
transferred to glass 250 m! BOD bottles, to which § ml deionized K,0 and 5 ml
agua regiz (3 vol. comc. HCI: 1 vol. conc HNO;) were added, Samples were
placed tn a 95°C water bath. After two minutes, 50 ml deionized H,0 and 50
hl sﬁ'KMnOG were added to each sample. Sampies were digestedziﬁ the water
bath for 30 min, and cooled to room temperature. Because of the strong HCT,
fumes released during the heating, the water bath was placed in a hood.
Fifteen min before analysis, samples were treaf’.ed with 50 ml deionized H0
and B m 24% NaCl-hydroxylamine and placed in a hood to allow the evolved

" oxygen gas to escape. Samples were transferred to the 250 ml reaction
flasks used for water analysis, and analyzed in the same manner. Ga-s flom

was set at 1.5 1/min. " Recorder sensitivity was set at 20 aV.

Sed:irrént mercury ca‘ncentra’cions were determined based on a standard curve of
HgCl, in HNO, (0.05 - 0.90 pg). The accuracy of the standard curve and
r;ecnvery efficiency was tesisd using ',reference maieria‘! fron the Rational
Institute of Standards and Technology. Most samples (>75%) were gnalyzed in
duplicate. ' ‘

13
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Methyvimercyry in sediment: Sédi'ment sampies were analyzed.for M4 by gas
&matography using a modification of the multi-stage extraction and
concentration procedure developed by Uthe et al. (1972). The modified
technigue for sediment is outlined by Furutani and Rudd (1980).

Two aliquots of wet sediment (approximately 1 g) were weighed to the nearest
0.001 g. DOne set of semples was dried to a constant weight in a 80°C oven

to determine the water content so that measurements could be standardized on

. a dry weight basis.

The second set of samples were transferred to 50 m) centrifuge vials., Two

ml of 0.5M CuS0, and 10 w1 of 34 NaBr in 22% conc. H,S0, were added to the

samples. After shaking vigorously for tws minutes, sampies were centrifuged
for § min and transferred to 60 ml glass se;:arat{;ry funneis. Twenty ml} of
toluene were added and samples were shaken for three frﬁ.n. Following removal
of the aqueous phase, the toluene phase was treated with 1 g anhydrous NasO,
and decanted into a 50 ml erlermeyer flask and further dried with 0.5 g
anhiydrous HaSO,. A 10 mT sample of the extract was transferred {0 a clean
separatory funnel, and § ml n;f 0.0025 ¥ nga, in 20% ethanol was added.
After shaking and standing, 3 m] of the jower aqueous phase wis collected
into a calibrated, glass-stoppered centrifuge tube, to which 1 ml of 3M KI
and 1 m} hexane were added.

Subsamples (& pl1) were injected into a Hewlett-Packard 5700 gas
chromatograph equipped with a ©Ri electron capture detector. The column was
packed with 7% Carbowax 20M on Chromosorb W, atid-washed DMCS-treated.

14
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Argon/methane gas wasA supplied at 50 mi)min, and GC attenuation was set at 2
m¥. The operating tempergtures for the column and detector were 175°C and
200°C respectively. The Hicroscribe recorder was set at 1 oV, and 1 cn/min.
Peak arez was calculated by heighi times width at haif-height. Unknowns
were compared to standards prepared from methylmercuric chloride in hexane '

(6-20 ng).

Total and organic mercury in fish: Mercury concentration in fish muscle was

determined using a hot-base digestion followed by cold vapor atomic
absorption, Fillet samples {1--2 g) were placed in scfew-tap_ test tubes, to
which 2 m} 10N NaOH was added. Semples were then heated for 30 min in a
h_eaf‘. biock {95°C} and 7::001 ed to room temperature. One percent Hall {8 ml)

was added to each sample.

Total mercury was determined by placing I ml subsample in a reaction flask
along with 3 ml 1% Kall, 1 mi 1% cysteine, 4 drops octanol, and 1 ml 50%.

© saCl, and 10% CdCY, in & K HC1. Lnorgamic mercury wes determined by adding I
ml of 50% SaCl, in place of the SnC‘lz; €dCl, solution. The flask opening was.
‘then covered with a septum, through which 4 ml 10K RaOH was injected by
syringe. After thirty seconds, N gas was suppl%éd‘ at 1.5 1/min. 'The
recorder wes _seatlat 5m¥. Standards were prepared as Hg in HNCy (18-100
pa/ml), prepared from a commercially available standard {1000 ppm, Johnson &
Mathey, Seabrook, KH). ‘brganic mercury was calculzted as the difference of

totzl and imorganic mercury.
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Additional analyses

A11 water samples were amalyzed in the lab for hardness, f&'nnwing the

I.

EBTA titrimstric method in Standard Methods for the Examination of
Water and Wastewater {1985).

2. A1l sediment samples were anazlyzed for percesi vélfatile satids by dried'
sediments in a 600°C muffle furnace for 4 hours, after Buhler et al.
{1984). ‘

3. ‘Se&imﬂ.nt physical characterd Sti!:S" were performed by hydrometer method’
by the 05U Soil Physics Laboratory.

4. Sediment samples from §/60 were sent to the U.S. Bureau of Hines

B {Albany, OR) for determination of cimnazbar content.

RESULTS

Mercory in water

Twelve water samples and 24§-32 sediment samples were analyzed Eroni each

reservoir, Results of the Tinnological and sediment analyses are summarized

in Table 2. Nercury was detected in 25%, 6%, and 15% of Cottage Grove,

Ochoco, and Owyhee unfittered witer samples respectively. Oifferences in

‘mean total mercury concentratien in water among reservoirs were not

statistically significant (p=0.05).
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Table 2. Water chemistry and sediment parameters

Parameter Cottage Grove Ochoco " Owyhee
Water (n=12) (n=12) (r=12)

CpH _ 7.70° - 8.53" 8.44"
Dissalved oxygen(mg/1) 8.20° 7.8° 7.28%
Conductivity (gmhos) 56° 250 254%
‘Hardness {mg CaCoy/1) 3 BT L 75°
Hg {pg/1) 0.78 £ 0.0  0.17 %010 = 437+ 0'_30
Sediment O e2h) (ne28) (n=32)
Soﬂ' texture 4 “sand-sandy “clay-clay  “sandy lcam -

| !zoamv 'lna.nf clay 'lnam
Clay content (%) 7 3435 12 9
Carbon content (%) 7.11 £ 0.63*  5.71 £ 0.4™  5.162 0.42°
Total Hg (#g/g) 0.8 £ 0.2 1.0 0.2 1.6 £ 0.3
Fine grain #g™ (wg/g) 0.28 £ 0.07° 0.14 £ 0.02°  0.11% 0.01°

Soil texture was determined by hydrometer analysis on the >2 mm
fraction of 600 g samples. Cottage Grove and Ochoco reservoirs{n=2}, -
Owyhee Reservoiri{n=3).

Fine grain sediment was defined as the fraction <1 ma in diameter.
Yalues are presented zre the mean or msan ¢ st;adard arror.

All sediment values are presented on 2 dry weight basis.
Superscripts designate significant differences at p=0.0S.
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Mercury in sediment ‘
Tl;e highest fine-grain sediment mercury level was associated with Coltage
Grove Reservoir (0.ZB  0.07), which was significantly different from Ochoco
© {0.14¢ ©.02) and Owyhee (0.11 + 0.01) reservoirs values {Fig. 4). This
finding, hm&ever, is largely aftributa&ﬂe to the high mercury tevels found
at both sites in the Senitembér‘lsas samples. To confirm the observatian
that 1989 Yevels were higher than the other two dates, particulariy for
Cottage &rove Reservoir, 1988 samples were reanalyzed in a arixeé_l hatch with
sémp'&es from later dates; the results were comsistent #it’h previous
‘ana‘ijsas. Methyimercury was detected in sediment from all three reservoirs,
but not ia'every sampie (& of 15 samples analyzed). The average percent of

total Hy was 1.5%; the maximum {4.20%) was from Cottage Grove reservoir.

Sediment mercury concentrations did not significantly correlate with organic
.content (% volatiie solids, ?'VS) for apy of the reserveirs. Organic content
{PVS) exhibited a seasomal pattern; modified by water level fluctuations..
Higher organic content was observed in the f.aﬂ samples than in the spring
| sampies for Cottage Grove Réervair. In Ochoce, this pattern was superseded
by water level fluctuations. The water level was unchanged betwegﬁ fall |
1988 and sﬁri’ ng 1990, and the sediment organic content was similar for both
. dates. However, & 34-ft decline in water level between the June 1990 and
September 1990 sampling dates resulted in 2 higher percent grganic cantent
associated witﬁ the Tow water level {7.4% vs. 5.1%). Organic metter in

Owyhee Reservoir sédimzrft was consistently between 4.6% and 5.B%.
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Mercury values were more influenced by sampling date than organic content,
_s‘uggesting the importance of parameters other than organic content.

| Sediment mercury tevels in QOwyhee aﬁd Ochoco reservoirs uere: consistent for
‘a1l four sampling dates. In Cottage Grove Reservoir, the fall 1989 sediment
sampies had statistically higher mercury levels than fall 1990 samples,
despite no change in organic content. This information, combined with the
observation that levels of Hg in ;:u.lk, unfiltered sediment was an order of
magaitude higher thar in fine grain sediment, suggests that most Hg is not.
assaciated with the organic matter in the sediment, but is pruobably bound to

" suYphur as cinnabar.

Nercury in fish

Sniﬂ'imoath bass (Mfcropterus dolomien) from Mhee. targemouth bass
{(Nicropterus salmoides) from Cottage Grove, and t;ainhml trout {Salmo
'gafrdne'ri } from Ochoco were analyzed for total and organtc mercury content
in lateral fillets, Five year oid Dwyhee Reserveoir ’céttage Grove Reservoir
bass exceeded the United States FOA 1imit for human consumption (1.0 uo/g
wet weight) for mmerciaﬂy‘»caught fish (Fig. 5). Mercury concentrations in
fish from Owyhee and Cottage Srove reservoirs were not significantly
different from each other, and both were higher than rainbow trout from
Dchoce Resarveir. Organic mercury comprised >90% of the total mercury in

&1 cases in which both analyses were run on the same fish (n=11).

MM concentrztion in fish muscie increased with age for baﬁs from Owyhee and
Cottage Grove reservairs (Fig. §). There was little or no bicaccumulation

of mercury between 2 and 3 years, followed by z }inear increase for
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largemouth from Cottage Grove and smallimouth bass from Owyhee reservair.
ANl rainbow trout from Ochoco reservoir contained less than 0.5 ppm MM and

there was no evidence of MM accumulation with age (Fig. 5). '
DISCUSSION

Bercury in water

Surface water concentrations of mercury in areas with mercury deposits, such
as the Pacific Northwest, may be cnﬁsideramy bigher than greas {ritzmut
‘natural deposits. In lakes where the only significant source of Hg is
atmospheric transpart, mean surface water Hg conceatrations are 0.07 pg/i
(Sorensen et al. 19%0}. Sampling of the Columbia and Willamette rivers in
19-?0-?1 yielded mercury cnncveniraﬁ&ns between 1-35 pg/l for f3 therj&d watars.
(Jenne 1973}, indicating the presence of mercury 'sources. Oar_re-stﬂts
indicate an elevatad frequency (6-26% of unfiltered samples) and magnitude
{0.12-1.0 pg/Y for samples above the detection limit} of surface water
contaminatfon above background '1eve‘£§ derived from stmospheric deposition.
Thus, atmespheric inputs alcne probably do not account for the mercury
concentrations in Cottage Grove, Ochoco and Owyhes surface waters. The
large range of caﬁcentratina values (6.12 - 1.0 pg/1) suggests that the
highest concentratioms of mercury are probably found in the particulate
~fraction. This is consistent with results in which mercury in unfiltered
water was <0.04 ayg/1, while suspended matter in the stream after a storm
event had 2 maximum value of 0.61 my/kg Hg (Lacer&a et 21. 1891}, This does

not, however, indicate that bicavailability to reserveir fish is enhanced,
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since mercury in the particulate fraction may not be as readily absorbed in

biots as dissolved inorganic mercury or MM {Stokes and Wren 1987} .

Kercury in sediment ‘

Mercury was routinely detected in sedﬁsent from a1l three veservoirs. Maan
mercury Eunca:ntratiuns for &}l three lakes were higher than those reported
for aumerous other 'lak# in the Northwest and elsewhere {2s reviewsd by
Phillips et al. I887}. Differences in sediine_nt mercury concentrations are
mnst Tikely due to variations in loading rates and patterns from the
grainage basins as atﬁns'pheric transport alone do not account for th;a
observed mercury levels. Factors that affect 1oading rates include the
quantity of available mercury as matural deposits or mihing waste, and
séﬁimant transport rates, Sediment transport rates are, in twrn, affected
by. gsological, climatological and physiographical forces, In this study the
guantity of available mercury in the drainage basin seems to be more
influential than sediment transport rates. Ongaing research on mercury
concentrations in stream sediments flowing into Cottage Grove Reservoir is

expectéd to provide additional information on sediment transport of mercury.

Drainage basin area was not a significant determinant in sediment mercury
concentrations. This is evidenced by the fact that éesﬁte the comparative
enormity of the Owyhee drainage basin, it did not have elevated mereury
Toads relative to the ut:h.er two systems. Based on overall relief of the
basins, we would exﬁect sediment transport‘ra.tes to be -highest in the Owyhee
area because of the steep relief, relatively barren vegeiation, and

erosional force of extensive snowmelt. The amount amd cycie of annual
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precipitation and flooding events also affect sediment transport (Lacerda et
al. 1980}, P‘mﬁpitatioﬁ in the Owyhee arez is primarily snow {Johnson et
al. 1985). §parse vegefatioa and the timing of the snow melt produce
conditions favoring high surface runoff and sediment transport. This,
however, may be offset by differences in the total amount of precipitation.
" The high rainfall in the Willamette Yalley ecovegion maymrt a greater
influence on relative Toading rates. The difference between sediment
mercury concentrations din Cuttag& Grove Reservoir Detween Fall sampl %ngsA in
1983, 1990 and 1982 may relate to timing of storm events. Locél fiooding,
resuiting in a surge of mercury and other m'até\*i&'ls. into reservoirs, may
enhance bioaccumilation. Phillips et al. (1987} found that MM
concentrations in northern pike were significantly vhigher in a year
foliowing & severe flood compared o previous or succepding years {Philjips
et al. 1987). One explanation is higher methylation rates in fiooded
shorelines and nearshore sediments (Ramial et al. 1886, Johnston et al.
1951). | ‘ ’

fand use patterns may also play a role in Jetermin‘ing the behavior of
mermiry in reserveir éystems. Plant biomess has been reported to be'
pesitively correlated with mercury concentrztion in areas where meroury és
pradominantiy of étmospher'ic origin (Sorensen et al. 1990}. Land use
patterns 2¥so influence the rate of transport to surfice waters and movement
within reservbirs. Unfortunately, the relative enhancement of erosinna’l‘
fcrces from forest clearing, agricultural irrigation, and ramge practices
are not known for these areas. However, based om slope and vegetational

- cover we would expect .emsiun" to be highest in Dwyhee Reservoir.
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Thus, our observation that cinnabar in sediment was highest in Owyhee
Reservoir is con‘sister;t with expectations based on sediment ‘transport rates.
" We also suspect that the available reserves within the thkee reservair
systems are very different, aﬁd -that this also influences sediment mercurjr.

concentrations.

Mercury burdens in all three reservoirs are most likely derived from naturzl
mercury deposits exacerbated by past-mercury, -g:ﬂd an;i sityer mining in the
~drain§§e basins,. The relative size and mining effort of the Black Butte
Mine %n the headwaters of tiattage frove Reservoir may explain the elevated
sediment mercury ;oncentratioaé... This mine producéd 25 times move mercury
than all the mine; “in the Ochoco District combined {Brooks 1§71).

The di H"‘use distﬁbutian of mercury in Owyhes Reservnjir is cm_zsistent with a
distant mercury source. Mercury in the Owyhee basin may be derived from its
use in gold and silver extractio. Mercury levels in gtﬂd mining taﬁing
' piles can be as high as 5 mg/kg (Lacerda et 21. 199D}, Extensive gold and
silver wining took place in the Jordan Creek region -of Owyhee basin between
1860 and 1520; it bas been estimated that 76 pounds of mercury were iost
daily during.mining years in ldaho (ﬂm 1873). Geothermal releases of
mercury may also be a significaﬁt and persistent source of mercury (Eisler
1987, Nriagu 1978). Thic may be important in Owyhee Reservoir given the
high level of geothermal activity in southeastern Cregon. '



Kercury in fish ]

Ct;‘ncéntratioas of MM in fish muscle were well above background levels, as
calculated by Hikanson et al. (1990). The range of MM m c:rit&ge Srove -
Reservair Jargemouth bass {0.22-1.79 pg/g) overlaps the range reported by
Worcester (1979), saggesf:‘ir;g that mercury contamination in Cottage Grove
Raservoir h:as peither increased nor dissipated. _(}f five sﬁecies examined
for mercury cencentrations im past efforts, the highest values were observed
in largemouth bass (Worcester 1879).. Other spacies analyzed were chinook .

salmon, cﬁtigumat, rainbow trout and brown bullhead.

Smalimouth bass from Owyhee Reservoir from this sampling effort a_isn have MM

burdens within the range of past investigations. According to the 6re§mi '

Department of Environmental Quality, MM concentrations in smallimouth Abass

sampied in 1987-89 tanged between 0.66 and L&B'p;g/g {I_:xased on edible
ﬂesfa}; these tevels were higher than those of carp and black crappie.

4 Largemouth bass and cha.-;mel catfish hiad similar MM concentrations as |

smaltmouth bBass.

MM concentrations in rainbow trost from Ochoco Reservoir were sigﬁficaﬁtly
lower than fish from Cotiage Grove or Owyhee reservoirs. Since the sediment
marcury ?eve'ts were not significantly differeat from the other twop
reservoirs, this may reflect species differences in uptake or |
bicaccumulation. This is consistent with the findings of Hefcmter {1879)

within Cottage Grove Reservoir.

00058


http:0.22-1.79

Several studies.yave examined the importance of drainage basin size.

McMurty et al. {1985} observed z positive correlation betweeh M in _
smalimouth bass tissue and watershed and lake area. Suns and Hitchin {IQQO)
alsp found a positive correlation Setween drainage basin area/lake volume
and FM in ya]?cw perch, suggesting that watershed inputs are important.
Howsver, Weiner et al. (zeauh) report that drainage basin area/lake volume
was not & significant variable to explain MM in walleyes. Thus, it appears
‘that this relattonship is valid only where~mercury 1nputs are approximately

equal, as in the case of atmospherically-derived inputs.

'Factors affecting bioaccumulation |
Sedimentation rates and mercury inputs alone may not explain observed levels
in fish. Micrbbial_mercury methylation in sediment and water is considered
to be an important determinant in the rate af.biéaccumuiatinn.by fish {for
example, Hakanson IS80, Lindberg et al. 1887, Stokes and Wren 1987).
Conditions that influence methylation inciude pH, redox potential, organic
.substrate and temperature [Beijer and Jernelov 15879). In addition, we
suspect that mercury in fine-grain sediment is.mnre easily methylated by
micrparganisms than mercury bound to sulphuyr as cipnabar. If this. is true,
then Cottage Grove Reservoir hias the highest levels ﬁf potentiaily-

bioavailablie mercury.

Sediment organic content was not significantly different in the three
‘reservoirs, suggesting that the importance of this variable was overshadowed
by other factors such as mercury inputs, fish spectes or age. Klein (1873)

suggests that organic material may control mercury distribution.



Corresponding to §re&ter microbial density and avai1ahie energy, high
m':gah%c content .stimulates ¥4 production (Jackson and Woychuk 1980},

Several water chemistry parameters {conductivity, turbidity, total diésu?ved
s6lids, pH, temperature and trophic state (reviewsd by Lindberg et al. 19#7)
also influence the availability of MH in surface waters and uptake by fish.
Favorable conditions ~i-‘m- MM accumilation are reviewed 1n Table 3.
Furthemre, thg rela‘cicnshiﬁ between water .chmistry- parameters and 7
bioaccumulation by fish may not be the same f&r a1l fish species {McMurty et
al ."19’89, Wren et al. 1991}, |

© The conductivity in Cdttage Grove Reservoir was significantly lower than
that of Ochoco or Owyhee, which may exacerbate the mercury problem m this
reservoir. For 13 Canadian Takes, ’coﬂdu:t_ivitj; e:zp.’iained 54% of the total
variation in MM concentrations in the crayfish (Aﬂaré and étok&s 1988). A
negative correlation between conductivity and ¥# in Fish muscle has also '
been reported by Wren et 1. (19%1).

The effect of pH on accumulation of MM in. fish has been gxtens%vefy‘studiéd
_(Jeme‘iev and Asell 1975, Schlinder et al 1980, Beijer and Jernalov 1879,
Phitlips et al. 1987, Stokes and Wren 1987, Weiner et al. 1950b, Wren et al.
1991), although the driving mechanisms are still debated (Richman et al. ‘
1888). Most studies in acidic lakes report an imverse correlation between
pH and MM in fish (Sorensen et al. 1990, Weiner et al.r 1280a, Grieb et al.
1890, Suns and Hitchin 1990, Hikanson et al. 1990}. However, this

relationship is less consistent in alkaline Takes. Rates of MM uptake in
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Table-3. Conditions favorable to mercury bicaccumuiation

Hydroleaic
slow fiow

frequent flooding

recent impoundment

mitdly oxidizing environment
Tow clay content
high organic content

Tow level of complexing agents

Kater chamistry
low conductivity
‘high dissolved organics
pH <6.0 or >B.5
high temperature

Life bhistory factors

large size |

léhng 1ife span

hi§h trophic position
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fish were positively correlated with pH in reservoirs of pH between 8 and 9
in the Upper Missouri Ri§er basin {Phillips et al. 1987). The pH of all
three Oregon reserveirs is between 7.7 and B.6, and thus fal‘l into & range
it which the retationship to mercory/MM dynamics is um:lear. The
significantly lowar pH &t Cottage Grove may enhance MY avai‘tabxhty and

bioaccumul ation.

- K11 three ressrvoirs are classified as mesotrophic or euiropM t. The effect
of limnolegical trophic state has &lso not y&t been clzarly established

" (Hakanson 1980, Lindberg et al. 1987, Richman et al. 1988). Oligotrophic
-lakes are thought to geheraﬂ?y have tower methylation and uptake rates
b_ecazrse of the Tower densii:y of methylating bacteria, lTower emergy |
availability for metabolic activity and oxygen cqnntr—atiuns shove the
optimum for methylation (Pillips et al. 1987). . Conversely, methylation
rates should be higher :mdf;r eutrophic conditions; however, Akielaszek and
Haines (1981} argue that mathﬂ ation rates are higher in otigotrophic
conditions based on Qmatef* ‘mmry availability because there is Tess

prganic matter for mercury compiexation.

 Food web structure and the position of a given species in the foodweb
influences the biocaccumulation of M because dist can be z significant
sxposure route. The percent of accumelated mercury from foad varies with
species. MM is the only metal Ffor which bicaccumulation is widely dotunented
(Lindberg et al. 1987}. Phillips et al. (1980} showed that piscivorous fish
accumylate ml faster ti_‘;an those eating plankton. A1l three species examined

here are at equivalent levels in the trophic structure; their diets consist’
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of varying quantities of insects, crustaceans and fish {Scott and Crossman
1873}. The lower levels of WM in rainbow trout in Ochoco Re'servoir by age
may reflect a relatively greater comtribution of insects and crustaceans to
rainbow trout dist than bass, as well as differences in mercury/MM dynamics .

between reservoirs.

CORCLUSIONS

If mercury inputs were similar to &1l three reservoirs and water cham‘iétry
parameters were the most important determinant, then we would axpect MM
ﬁina:cumu'tatinn in fish to be highest in Cottage Greve Reserveir. The pH,
conductivity and hardness of this reservnir are significantly lower than the
other two reservoirs, All three of these factors have besn reported fo
favor MM bioaccumelation in Fish (Lindberg et al, 1987, McMurty et al. 1989,
. Allerd and Stokes 1983). As the M #omentratim in fish from Coftage
Grove HReservoir were not significantly Kigher than Owyhee ;'eserm*ir based
on fish age, we believe that mercury deposits in the drainage basins and
sediment transport rates are very different among the reservoirs, and that

these are the deminant influences on meércury/MM dynamics.

It is evident that MM bisaccumulation in fish represents a management
problem in Cattagé Grove and Owyhee reserveirs. Despite the éenera'l pattern

of low mercury cancantrations m water and sediment, older fish have MM
burdens in mﬁ.s::]e tissue exr;eéding the U.5. Food and Drug Administration
limit for human consumption. This supports the importance of methylation
_and bioaccumulation &s critical determinants of MM levels in fish. The

importance of ecoregion parameters in determining mercury/¥ dynamics in
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5

reservair systems with natural and mined deposits and MM accumulation in
fish is overshadowed by differences in mercury deposits and miming
activities. We intend to investigate the sources and transﬁnrt of mercury

in Cottage Grove Resérvoir in a continuation of this study.
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KU BGIX L. HULWGI BRrualy cuncem.r'amons\rar iNGIVIgUE Y SECIMENT sanples
toliected from three Qregon reservoirs. Sites 1, 2 and 3 are {ottage Grove,
Ochoco and Owyhee Reservoirs, respectively. Sampling sites for each reservoir
are as identified in the body of the report(Figure 3).

SITZ LOC DUP MONTH YEAR UR/G - SITE LOC DUP MONTH YEAH UGG
1 % T 9 g2 004 _ 3 2 b 6 80 0082
¥ 1 2 s 8z Q17 3 . 2 ) 83 0,025
1 1 3 g 92 0.3 3 -4 2 & 90 D52
1 2 1 5 az 02 3 2 3 & 90 0oeT2
1 2 2 ¢ 82 027 3 2 3 6 o 0.083
1 2 3 g 82 Gis 3 3 1 & 80 0030
2 1 1 g gz 012 3 3 2 & 90 0.050
2 1 2 § & 008 a 3 3 6 90 0.05%
2 1 3 ) @ o 5 1 1 & 80 0.050
2 2 1 9 2 01 1 1 2 § SO 0.050
2 2 z g ‘gz 0% 1 1 2 ] S0 0.050
o -2 3 9 o2 oo8 1 1 3 & S0 0047
3 1 1 g g2 4407 . 1 -3 1 & 0 0.046
3 1 2 g g2 004 - 1 2 1 & &0 0.058
g T -3 g e ur 1 2 2 & 80 0081
-8 2 1 § 82 &8 1 2 3 & 80 0113
3 2 2 g sz di9 2 ! 1 8 o0 0,085
3 2 3 .8 g2 015 2 ] 2 & 9 0.0%5
c! 2 1 [} 9z o7 2 1 : & ® 0917
3 3 2 g s 0o 2 2 1 & 0 oo
] 3 2 e 92 oo 2.2 1 & 92 0153
3 1 1 9 9 .08 2 2 2 & B0 n.084
3 1 2 g 90 0056 2 2 a3 & 80 ©.085
3 3 g ap 0.085 2 2 3 & 9 0.0
3 2 1 g oD 0NGE 3 2 1 8 B9 0.t71
3 2 2 g 80 00L3 a 2 1 g &8 Q085
3 2 2 5 oD 0056 3 2. 2 g 89 0108
3 2 3 & 80 GOS7 3 z 3 § B Q88
3 3 1 - 80 0080 1 P 1 & 80 0207
3 3 2 g B0 0055 1 2 2 8 89 0.682
3 3 3 g g0 0088 1 2 3 8 8¢ nEep
1 1 i § 25 -0.008 -2 2 1 5 89 D119
1 1 2 g o) 0338 2 2 2 g 8 040w
1 i -3 5 S0 033 b 2 3 g B9 0.118
1 1 3 ® o0 DOBD
1 z 1 g 80 0040
1 2 2 - I R k1
1 2 3 9 80 0.108
2 2 3 a 80 0.084
2 b4 2 8 80 0119
2 2 .3 8 g0 9102
2 3 1 g 80 0058
2 3 2 g 20 008D
2 3 3 g 80 0077
3 IR T § 90 0053
3 1 2 8§ 90 0053
3 1 3 & @ 0056
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1=C. Grove
2=0chneo
3=Dwyhee

1 =Largemouth bass
2=Rainbow o
E=8maiimouth bass

tength and weight data are not available for individual fish where columns

are blank.

000639

b oemerrm g mamma e b e


http://tw.WMk.C-4t

:f" 8] MERCURYA.DYNAM;EFS"_

m.assaax

S e e A DN SDEPATT = "’"rc"""‘"“‘nmen Z1EQualiz S
:?:z_—r‘.::? -«m-sr-c;-.—q Gregon,,epar:tment m Envl 0 ERAL,
s et P S LN PAVENUC T SR --—_.,_,, s

‘g’:’“ SEsosanee, or CoG SRR 0/ 20851 S0

ALEEST A
'J-,.l ”_

"‘—M
..w-.._«.-w ,‘_, ,,“ J_‘

e ‘._>..

'_ ..o-..'-:l’ ..':..;r i :I;F'—'-'ﬁ;!_—‘- 5
S

I3 s n

e o N e St :
R R I, usﬂangg.‘ﬂlle_n_‘:ga o ZLawrance
TR : ' T"‘k_ ZTan omto_r;mf‘i d
ﬁeparxme shertes'andﬁﬁﬁ
e e Oreaon"‘"Sta gzuniy
m‘t 115730 LOR

Sl
TR T il
e e




- _ ABSTRALT

AN ECOREGION APPROACH TO MERCURY DYRAMICS IN THREE OREGON RESERVOIRS. S.M. Allen
and L.R. Cortis. Department of Fisheries and ¥ildiife, Oregon State University,
orvallis, OR 87331 ’ _ _

Three Oregon resarvoirs (Ochoco, Owyhee, and Cottage Grove) were evaluated for
environmental parameters affecting mwercury dynamics and bidacsumulation in fish
using an - ecoregicn approach. Ecorsgions are distinguished by topography,
geslogy, s@il type and composition amd land use patterns., We examined pH,
dissaived oxygen, hardness, conductivity and mercury concentration of the water,
and complexing agent levels, volatile sotid- content, inorganic and organic
mercury in sediments to mercury in several fish species. mercury concentrations
in water were below detection (0.2 ppb) im most water .samples from the 3
reservoirs. In samples above detection, it is expected that mersury was
predominantly in the particulate fraetien, and thus not in true solution.
Mercyry in sediment occorred only in the inorgaric state; methylemercury was
below detection (0.2 ppb) in B3% of a1l samples. Significant differences
{p=0.05) in sediment mercury concentraticss were Found among the reservoirs and
amang sampling dates within sach reservoir. Despite the Tow mercury levels in
water and sediment, mercury in fish over § years oid tested.above the FDA Timit
of 1.0 ppm. Mars than 99.9% of the mercury was found as organic mercury in all
fish. Mercury in lateral muscle did not differ significantly betwesn smalimouth
bass in Owyhee Reservoir and Targemouth bass in Cottige Grove Reservair. We
conclude that ' slthough ecaregian parameters alone do. not expiain mercury
dynamics, they may influence the methylation rate in areas of similar loading
rates. {Supported by USEPA, grant S-000397/01). ' ,
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00071 AT RSN QAT



ACKNOWLIDGEMENTS

We would iike to acknowledge the assistamce of the Oregon Uepariment of
Environmental Quality (0DEQ), Oregon Department of Fish and ildlife [OSFY), and
the U.S. Bureau of Minss. The 0DEQ staff, particolarly Doug Drake and Bens
Foster, assisted in fish sampling. Kin Dazily of ODFW performed scale anaiysas

to determine fish ages. The U.5. Department of the Interier, Bureau of Mines
znziyzed sediment sampies for <imnibar content.

an
R

00072

G el e MDA d———————_ b



TABLE OF CONTENTS

‘Abstract
Acknowledgements
I. INTROBUCT ION B tessacsacscuadananaan D RRREED 1
II.  SITE DESCRIFTION ... et eereeees v nrerannee 2
A. Geology PR &
B. Histomical mining practices  .....oiiiioa..n &
11, METHODS  veuviteernecreercnsresnrannnssesnnsoseaneoreess 8
- A. Field samp’éing‘ ........... A abaee s . B
B. Chemical analyses .. ...iviecvrcrsaronranronnan. 8
i Tctai.mercury in water  ........ cesses-ne B
2. Total mercury in sediment ..........ccvc... 8 _
3. Methylmercary in sedimeat v 10
f §. Tata"l and organic mercury in fish  ..... 1l
4 5. Additional anzlyses . il‘
V. RESULTS  tuvenronvnuonsniannoninrrnessonennnrsnneenaions 12
A. Hercm;y in water and sediment ........ 12
B. Hercui'y in fish fe At eisaccrrEereacenarnronva 14
Y. DISCUSSICH ettt ettt erseeree e aanan el 15
' A. Mercury iR WELEIP L. it iiiericiaiaaecanaan 18
g, Mercury in sediment eerreeneaas cereeee. 1B
C. Mercury in Fish @ ... .iciveiennens . ....... . 18

VI.  LITERATURE CITED e eeeeen 22

.-



Tabie |

Table 2

Table 3~

Table 4

Jabie §

TABLES AND FIBURES

Ecoregion attributes

e s nmsen e

Brainage basia characteristics

R R AL L R

.................

Water chemistry and sediment paramsters ..........

Mercury concemtrziions in fish muscle  ..........

Conditians favorzble for mercury bicaccumulation .

3

[
L ¥ ]

32

(13

tcoregions of Orsgon

CrvEE IR cem s

Geothermal activity in the area of the reservoirs

Location of mercury depsuits and mines .....veen

Location of sample sites .t

Sediment mercury concentrations by

reservoir and sampiing date

Mercury contentratiaom in Fish tissue as ..........
2 function of fish age

wr

-4

()
L 78 BT+

Y
tn



R R

I. INTRODUCTION

Mercury is a ubiguitous metal, occurring in different concentrations in the
soil, rocks, air and water throughout the worid. &flevated concenmtrations of
mercury im surface water can be derived from meny sources, including matural
processes znd anthropogenic losses, Natural processes include voicanic and
ztmospheric deposition, degassing, and surface runoff and erosion of | -
mereuric soilsg; anthropogenic sourdes include eercury mining 3nd processing,
energy related activities, pesticide applicationm, chioro-zlkali aperations,
igg ?ma11er emissfons from other indusirial procasses [Andren and Nriagu,
9 »* ’ »

Mercury levels in Oregon reservair Fiszh have been found to excesed the 1.0

‘ppm H.S. Food and Orug Administration limit for hummn consumption (DEQ, pers

comm. : Worcaster, 1979; Lowe et al., 1885). The goal of this project was to
jdentify abjotic snd Biotic factors comtributing to accumylation of mercury
in fish tissue in three Oregon veservoirs using an ecoregion approsch. The
specific ohjectives were to jdentify probable sources of mercury in the
resarvoir systems and parameters affecting mercury dynamics and
bicavailability, and To sxamine the extent to which ecoregion-level
parameters influence mercury dymramics in these reservoir sysiems.

An ecoregion is defined zs an area in which withinrregion variation is less
than between-region variation {Gallant et a2l., 1989). While ecoregions can
be distinguished based on almost any .physiogecgrapghical featurs, & ¢ommon

"suite of parameters is land surface form, potential natural vegstatiom, land

use znd s0i] characteristics (Omernik, 1985). Limmolegical and bielogica)
features of aquiatic ecosystems are largely determined by these broad-scile
parameters. : .

Ecoregion phenomena directly and indirectly influence the dynamics of
zompounds in the environment. Minerzl composition of soils and land use
practices within a watarshed have major impacts on mersury Joading rates.
Indirectiy, the physical, chemical, and bisiogical features of an aguatic
system infiuence mercury dynamics {Hakanson, 13%80; Akielaszek and Hainas,
1981}, - . .

Siven these observatioms, am ecorugion ébprwach to mercury dynamics and

_bioaccumulation saems to be an appropriate model. We have develaped this

model with the assumptions that mercury burdens in the reservoirs are
largely derived from their watersheds and that mercyry bicaccumulation by

- fish is oenerally reiated to the concentration of total mercury

{particularly methylmercury) that is bicavailable.

To investigate the validity of an ecoregion approach, we examined both
gqualitative ard quantitative ecoregion parameters as they relate to mercury

- goncentrations in water, sediment and fish., The quaiftatfve paramelers are

those which define ecoregions (land surface form, potential natury)

vegetation, land use and soils). The quantitative parameters examined were
pH, conductivity, hardness and alkalinity of the water column, and the <lay
and oroanic matter comtent of the sediment. In addition, charscteristics of
the specific drainage basins were compared; these inciude basin ares.
relief, annua) precipitation and land uses. Llimnological features of each
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.Cottage Grove, Owyhee and Othoso reservoirs are located in

:

reservoir were also congidered. The interactions betwesn mertury reserves
in water, sediment and fish were zlso investigated.

11. SITE DESCRIPTION

three digsiinct
ecoregions {Fig. 1J. The attributes of each ettrsgion are presented in
Tzble 1. Drazinage basin and limmological characteristics of the study
reservoirs were comparsd to other reservoirs within the ecorsgions as
reparted by Johmson et zl., 1985, and were considered io be representalive
of reservoirs of similar size within the ecoregions. The spezific
characteristics of sach drainage basin are summarized 'in Teble 2.

251
{714
=)
=
g HIGH LAaVA PLAINS
-
!
RN s
/ ,:,'/,’, Dumyness
SASIN~RANTE L
— . = m . ———— —

L3 Mersury Deposit

-

Ffigure i - Llpcatiop of study areas and mercury degosits within the
- gifferent ecoregions. Compiled from : 8aldwin. 1978.

—
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Tahite | - QualI.Lative.charactcﬂstic: of the tiree ecoregtons

Land Use.

{€, Grove Res.)

Mlains with hills,
or apen hills

Yas fFir, mnsaic of
Oregon oakwoods and

cropland with some
interspersion af

fcoreglion Lanil Surface Form Patential Hatwral Soils
Vegetation [ »
Villamette valley Ledar/hemock/Dong- | Fmphasis -on Xeric Mollisols,

I Vertisols, and
1 Alfisolc of

 Elevalion: cedar/fhemlock/Donn- | pastare, woodlasnd toterfor valleys .
lap - 2000 Ft. las fir . and forest- )
Annuzl
precipitation:
v - 40 in. .
 Bhue Hountains Low to high apen Grand fir/Douglas Farest and . Soils of eastern

(Ochoco Res.) ! sountains, change fir, western woodiand, grazed interior
' in lacal relief cap | panderosa pine, . wountains,
| be 3000-3000 ft. wzstern spruce/fir, Mollisols,
| Douglas fir Inceptisals
EYevation:
2700 - 10000 ft. Annual :
precipitation:
10 « 20 in.
Snake River Basin/ | Tahilelands wilh Sagebrush steppe Nesert shrabYand, | Aridsols, aridic
iligh Basert antlerate to bigh {sagebrush.wheat ~ grazed ' wollisols
. (Owyhee Res.) relief, plains with | grass), saltbush/
hills or low greaswond
- mounaling
: Antual .
Elevation: precipitation: -
2500-9000 ft. 8 - 12 in.

Adapted from; Gmornik, J.H. and A.L. Gallant. 1986.
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Table 2 - Drﬁinage basin charactaristics

{otiage Grove Ozhoto Owyhee

Drainage basin arsa (ka®) 257 288 11,150
Annual Precipitation {cm) 122.157 . 43-84 25-64
tand use (% total aresz) ' <

Forest : 8.3 73.8 - 0.5

Ringe 1.0 . 21.3 - 832
Surfacz arez (ha)} 461 388 5825
Average depth (m} 9 B.4 24.%
Shoal ares (%) 17 29 4
Retention time {months} 4 5 20
pH 1.7 . 8.4 - B.4
Conductivity (umhos/cm) A 83 197 160
Sulphide (50, mg/1)} 1.2 3.8 11.7
Digsoived oxygen (mg/1) . 1.2 - . 8.3

Trophic status mesotraphic eutrophic eutraphic

{ompiled from: Johnson et al., 1885,

A. Genloov

The geolpgy of s1) three areas is charscterized by 3 combination of
sedimentary and volcanic formziions. The ares surrodnding (ottage Grove
resarvoir is oider Cenozsic marine and estuarine sedimentary depasits with
minor amounts of volcanic elements; the {choco ares pradaminantly contains
uetaseaamaatary and metavoicanic formations;: and the Owyhez region is &
mixture of deposits of sedimentary and val;an1c origin (aaidwwn. 197%).

The geothermal conditions of the three arsas are shown in Fig. 2. -

- Baothermal activity is high in the Owyhee ares, moderate in the Ochoce area,
and virtuazlly undetectable in the {ottage Grove basin, Thersfore, the
potential contribution of geothermzl venting to mercury loading iz likely to
vary acczordingly among the three reservoirs bzsed on the differences in
gezothermal activity.

#hile mercury most frequently occurs as depesits in rock fractures and
veins, it may &lso be found in low concentraiions in eother geologic
farmations. In the Owvhee River area, mercury is commonly found 25 an
anomaty, present in 12 of 23 random outcrcp rock-chip samples (Gray =t al.
1983). Mercury concentrations aversged 0.3 ppm (Gray et al., L9E€3).
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H. Historical Mining Practices

Extensive mercury mining cccurrad in all three arsas,-as shown in Fig. 3.

As is true for ail merzury wmines in the state, production accurred primarily
from the late 1B00s wntil 1850, with peak orosuction coinciding with war
years. Since 1950 the increased Korsan mercury production and the surplus
from war years have saturated the mercury tiarkel and decreassd pricss such
that Qregon mines have cezsed production (B—snks 1971}.

The second Targest mercury mime in Oregon, Black Buite Mine, is located 2
wiles south of Cotiage Grove Reserveir, within the drzinage basin {Brooks,
1871). Active intsrmittently from 1882 to 1966, this mine produced 18,156
flasks (Brooks, 1971). The ore in this area has been low-grade,
approximately 0.173% by weight (Bruoks, 1871},

Hbr-ury productiion in Ochoco basin has been from several small mines, due to
the discontinuous faulting in this region [Brooks, 1971). Prior fo 1543,

the four mines in the Ochoco basin {Byram-Oscar, Staley, Champion, and
Teylor Ranch) collectively produced BST flasks (Brooks, 1871).

Although there are no mercury mines in Oregqon in the Owyhee basin, Brooks
{1871) reported that ong of the leading national mercury producing mines in
tne country, is in the Nevada section of the drainzge basin. This could not
be .conTirmed by maps of mercury occurrences in Nevada {see Lawrence znd

Wilsom, 18962). .

[41]
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111. METHODS

A. Field Sampiing

Two ar three sites were sampled for water and sediment &t each reserveir,
deoending on the reservoir size and water level {Fig. 4). Water and
sediment samples were coliected in September 1983, and June and September,
1850. .

Water samplas were collected 0.5 m from the surface in 1 L polyethylene
bottles, pre-rinsed with 10% HA Core sediment sampies were obtained using
a 1° d PVC pipe. The uppermast.: em of the tore was transferred into 2
pyrex plate, mixed and copllected in 250 ml pelyethylene bottles, pre-rinsed
with 10% HNO;. Al1 samples were frozen immediately, and stored frozem until
subsaquent analysis.

The following parameters were also tmeasured at sach site: water pH (Orion
Model 250 pH meter}, conductivity, and disselved cxvgen {Winkier mathod).

Fish were :uilerted by electroshecking in cnupera jon with the Oregon
Department of Environment2l Quality ¢n September and Ocipber, 1390, Fish
~ware filleted in the field, and fillets (with skin} and {iver samples weré
immediztely frozen and s~ared frozen.

8, Chemical &n-a:'wses

1. Totel mercury in water: Total mercury concentration in water wes
determined using coid vapor atomic absorption zecording to the procedure in
Standard Methods for the Examination of Rater and Wastewatsr. A 100-m]
volume of sach samp¥e was transferred to 2 250 ®] Erlenmeyer fiask, to which
5 ml concentrated HS0, and 2.5 ol concentrated HNO,, and 15 ml of 3% Km0,
were added. After Tiftaen minutes B ml of 5% K .S,0, was added to gach
sample, and the flasks were Rested in a 95°C water *sath for 2 hours. The
samgles were caaled io room tamperature, transferred to 250 ml gas- S’raobxna
reaction fiasks, treatad with 8 ml of 24% NaCl-hydroxylamine suifate t

r20UCe 2XCess KMnﬁL. immediazely following the additisn of 5 wml 10N znglz in
dilute HC1, the flasks were supplied with flow-ithrough nitrogen gas {2
1/1in). Mercury vapor was passed through a Coieman Model 30 mercury
snaivzer {Perkin-fimer {o., Maywood, [L}, connected to a Microscribe 4500
recorder sgt at 5 m¥. (The Recorder Company, San Marcos, TX). Peak arsz wes
czlicelatad 2s height X width at haIf~height. Unknowns wers determinad using
2 stangard curve, Dased on HgCl, im HNGy (0.25 - 1.0 ug/1). More tham 73% of
water samples were analyzed in guplicate. ’

2, Iptal mergbrv in segiment SEdImEﬁt samples were analyzed following the
metheds outlined in Suhler et {1954) After initial preparztion and
not-acid digestion, this prc:eﬁure is very similar to the amalysis of water.
Thoroughly mixed sediment sampies {3-5 g) were dried ts & comstant weight in
& 50°C over (z2pprox. 56 k). Samples were crushed-using a ceramic mortar and
pestle, and pzssed through 2 1 mm mesh screen. Particies that did not pass
throuch the screen were pulverized & second time, and screened. Any
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remaining material was discarded. Subsammies (8.5 - 1.5 g).were weighed and
trangferred to glass 250 ml 800 bottles, to which 2 mt deionized H.0 and § mi
agua regiz (3 vol. conc. HCI: 1 vol. conc HNO,) were added. Samples were
placed in 2 85°C water bath. After two minutes, 50 ml deionized H.0 and 5O
ml 5% ¥MnQ, were added to each sample. Samples were digested in the water
bath for 30 min., and cooisd to room temperaturs, Fifieen min. bafore
analysis, samples were trested with 50 ml deionized H,0 and & mi 24% Nall-
hydrexylamine and placed in a hood 1o ailow the evolvad oxygen gas to
escape. Samples were transferred to the 250 ml reaction {Jasks used for
water analysis, and anaiyzed in the same manner. Gas flaw was set at 1.5
1/min. Recorder sensitivity wes set at 20 aV. ’

 Sediment merciry concentrations were determined based on @ standard corve of

HgCl, in HNO, {0.05 - 0.90 ug). The accuracy of the siandard curva and
recovery efficiency was tested using reference material from the Kational
énstituta of Standards and Technology. Meost sampies [>75%) were znzlyzed in
uplicate, .

3, Methvimercurv in sediment:  Sediment samples were analyzed for
methyimercury by cas chromatography using & modification of the multi-stags
extraciion and concentration procedure developed by Uthe et &i. (1872}. The
modified tectinique for sediment is outlined by Furutani and Rudd (1980).

Two aliguots of wet sediment (approximately I gf were weighed to the mzarest
0.001 g. One set of samples was dried to a2 constant weight in & 50°C gven
to determine the water contemt so ¢hit measursments could be standardized on

& dry weight basis,

The second set of samples were transferred to 30 ml centrifuge vials, Two
mi of 0.3 CusQ, and 10 mi of 3M NaBr in 2Z% conc. H,SO, were added -to the
samptes. Afier shaking vigarousiy for two minctes, samples were centrifuged
for § min, and transferred to 50 ml glass separatory funnels. Twenty ml of
toluene were added and samples were shaken for three min. fFollowing removal
of the aguasous phzse, the toluene phase was treated with 1 g anihydrows NaSO,
and decanted into a 50 mi erlenmever flask and further dried withk 0.5 g
snhydrous NaS0,. A 10 ml sample of the extract was tramsTerred to 2 clean
separatory fumnel, and 5 ol of 0.0025 ¥ Na 5.8, in 20% ethanol was added.
Afier shaking and standing, 3 ml of the lower “agueocus phase was collaected
into 2 catibrated, glass-stoppered centrifuge tube, to which 1 m) of 34 Xl
and 1 ml hexane were addad. ‘

Subsamples (& wl) were imjected into a Hewlett-Packard 5700 gas
chromatograph equipped.with a °*Ni slectron capture detector.  The column was
packed with 7% Carbowzx 20M on Chromoserd W, acid-washed OMCS-treated.
Argon/methane gas was suppiied at 50 mi/min, 2nd GO attenuation was set at o
mV. The opersting tamperatures for the column and detector were 173°C and
200°C respectively. The Microscribe recorder was set at 1 mV, asd 1 cm/min.
Peak area was calcuiated by height times width z{ hal¥-height. Unknowns
were compared to ttandards prepared from methylmercuric chloride in hexame
{6-20 ng}. ’
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4. Total and orsapic mercury in Ffish: Mercury concentration in fish muscie
was detérminad using a hot-base digestion Tollowed by ¢oid vapar atomic
absorption. :

Fillet samples (1-2 g) were placed in strew-top tast tubes, tQ which 2 ml
10N NaOH was added, Samples were then heated for 30 minutes im a heat block
(95°C) and cooled to room temperature. Ome percent NaCl {8 ml) was added to
each sampie.

Total mercury wes determined by placing 1 m] subsampie in a reaction flask
along with 2 mi 1% NaCi, 1 ml 1% cysteins, ¢ drops octinel, and 1 ml 508
SaCl, and 10% CdCl, in 4 H HC1. Incrganic mercury was determined by adding 1
ml of soxSn1, in place of the SnCl,- CdCY, solution. The flask opening was
then covered with a septum, -through which 4 mf I1ON NaOH was injected by
syrings. Afier thirty ssconds, W gas was supplied at 1.5 /min. The
recorder was set at SmV. Standards wers prepared ‘as Hg in HNG, (10-100
gg/mt), prepared from a commercially available standard (1000 ppm, Jobmson &
Hathey, Seabrook. NH).

Organic mercury waé calculated as the difference -of total and inorganic .
mercury. . :

5. Adfitional analvses

2. A1l water samples were analyZed in the 1sh for hardness, following the
EDTA titrimetric methad in Standird Methods for the Examination of
Water and Wastewater (1985). '

b. A1l sediment samples were analyzed for parcent volatile solids by dried
sediments in a S00°C muffle furnace for 4 hours, after Buhler et al.
(1984) .

c. Sediment physical characteristics were performed by hydrometér method
by the OSU Soil Physics Laborstary. '

d. Sediment samples from $/90 were sent to the U.S. Bureau of Mines
{Albany, OR) for determination of cinnibar content.




JI¥. RESBLTS

A, Marcurv ip watpr

Twelve water sampies and 1B-Z23 sediment samples were analyzed from sash
reservoir. Results of the Vimmological and sediment analyses are summarized
in Table 3. Mercury was detected in 25%, &%, and 18% of Cottage Srove,
Ochoco, and Owyhee water samples respectively (dstection Timit of 0.1 pph).
The large range of concentration values (0.12 - 1.0 ppb) suggests that the
h1ghes, concentrations of mercury are probably found in the particulate
fraction. Differences in mean mercury tonct'mratwn in water among
reservoiTs were not statistically significant (p=0.05).

Sediment mercury concentration and site, date and carbon content differsnces
were’ gxamined using Anova and Newman-Xeuls multiple comparisen anaiysits.
The highest overall mercury level was associzted with Cott tzge Grove
reservoir, and this was significantly ditferent from the vaiues for Gchoco
and Owyhee reservoir, This finding, howsver, is largely attributable to the
high mercury levels found at both cites in.Che September 1989 samples (Fig.
8). To confirm the observation that 1989 levels were higher than the other
. two dates, particularly for Cottage &rove Reservoir, 1989 samples were
reznzlyzed in g mixeq batch with samples from later dates; the results were
cnzn;is‘tant with previgus snalyses. )

Merzury :um.ntratwns did not vary solely as a function of carbon content
on a seasonal, or localized manner. For Ochoco, mercury concentrstion at
the up-resewuir gita {A} was higher than at site 8 or C despite no
giffarence in carbon content. The opposite condition existed for Owyhee and
Cstiage Brove reservoirs; mercury concentrations st the sites within each
reserveir were not sagmncandy diffarent, despite differences in carbon-
\.cntent. : -

Carbon coz;tent exhibited & pattern of seasenality, modified by water level
fluctuations. Higher carbon levels were cbserved in the September sampies
than in the June samples for Cottage Grove Regervoir. In Ochoco, this
pattern was overridden by water table fluctuations. The watsr level wis
ynchanged betwesn Saptember 1989 and June 1290, and the csrbom conteat in
sediment was similar for both dates. Howsver, a 34-ft decline in water
level between the June 1930 and September 1990 sampling dates, resulting in
a much higher carbon comtent associated with the low water level (7.4% v
5.1%). Carbon content in Owyhee Reservoir was consistently betweasn 4.6% and
s.8%, refiecting the Jow level of carbon ldading to the reservoir causad by
Tom vegetamonai biomgss in the watershed.

Merzury values were less influenced by sampling dzts, suggesting the
imporcance of parameters other than carbon content.- Sediment mercury levels
in Chs)fh&ﬂ and Dchocs reservoirs were consistent for 211 three sampling
dates. in Cottage Grove reservoir, the Sentember 589 sediment samples had
sut-uscaﬂy kigher mercury levele than September 1990 samples. despite no
cnanae in carbon content.
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g (ppm dry weight)

Table 3 - Water chemistry and sediment parameters

Parameter : Cottage Grove  {choco Owyhee
. [xST) {x=5T) ' {x=SE)

Wtar . ‘ ]
pH 7.0 - 8.53° 8.44
Do 8,20° 7.8 7.24
Conductivity (gmhos) 56° 260° 254°
Hardness {mg CaCoy/1) ag® 101 bl :
Hg {ng/1} - 78+ 40" 17 « 10* 37 & 30°
Sedimant ' '
5011 texture sand- . clay- sandy lpam-

' sandy loam clay igam clay loam
Clay content (%) 8.5+ 8.8 348 1z £ 2.3
Carbon consant (%} 7.1 5.71% 5.33% -
Total Hg (zg/q) 0.839 £ .17 1.010 2 .16 - 1,373 +£.33
Fine gratin Hg {pg/a) 0.313 = .03 0.138 + .02 0.108 + .01

All sediment values are preseated on a dry weight basis. ~ )
Yalues with different seperscripts are significantly different af p=0.05

1.00 m——
Ml Foll 1989
T BS Spring 19380
0.754 . | | ' [ Fall 1980
0.50-
0.254 . i : |
- | . . |
. | - b . e -
| ' Cottage ~  Ochoco Owyhee
Grove :

figure § - Mercury concentration in sediment by sampling date.
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8. Meprrury in Fish

Five smallmouth bass from Owyhes, five largemouth bass from LOt tage Grove,
and ene rainbow trout frum Ochoco were anaiyzed Tor toizl and organmic
mercury content in Eaterat fil1lets. The results are prasented in Table 4.
One of Five figsh from Owyhes reservoir and two of five Ffish from Coftage

Grove reservoir exceeded the United States FBA Timit for humaa consumption
of 1.0 ppm. Mercury concentrations in Fish from Owvhee and Cottags 4rove
reservoirs were not significantly dif?erenz {t-test, p=0,05},

Organic mercury cunprtsed 9% of the tcta1 mercury fn a1l cases.

.

Mercury concentration in Fish muscle facrezsed 35 a function of age For both

bess species {Fig. §).

T‘“SET“VG irs.

reservoir d1 ferencns, or the small sample siz

However, the pattern-was not identical for the two
This difference may be attrtbutae?= either to species ar

Table 4 - Marcury concentrations in fish muscle

‘ {years) {ppm} '
Cottage Grove L¥ Bass Z 0.38 100
3- 0.44. . 100
3 0.2 100
§ ©1.49 100
1 1.78 58.5
Ochoco RB Traut K4 .79 85.% -
Owyhes SM Bass 7" 0.75 100
3 .55 9.9
3 D.73 160
4 1.16 0g.¢
5 1.18 100 .
14
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fmure § - Mercury concentration in nsh tissue by fish age for the thres

species frum the thres reserveirs

V. DISCUSSION

A. Herpuyrv in water

iurr'ace water mercury concentrations in arcas without mercury deposits range
from 0.01-0.05 ppb (Wiklander, 196%). Background mercury may be derived
from atmospheric deposition (esnmated at Q.17 ppb). More than 0% of
atmosgherically derived mercury is evaporated from the soils and air (Klein,
1“-;3). resulting in background surfice waler toncentration of 0.09 peb or

towar,

Jenne (1373) reported that mercury was gdztacted in 9% of unfiltersd

'Ia
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water and 3% in filtered water znalyses reported in the literaturs. Thus,
in more than half the waters sampled, mosi of the mercury was suspended in
the particulate Fraciien.
‘Surface water concentrations in areas with mercury deposits, such as the
Pacific Northwest, may be considerably higher than areas without ratural
deposits {Jenne, 1973). Sampling of the Columbia and Willametie rivers in
1870-71 yielded mercyry concentraztions betwsen I-35 ppb for Fijtered waters'
(Jenne, 1873), indicating input from sources other than background-Tevel
deposition.

Qur results indiczte an elevated frequency (8-26% of unfiltered samples) and
magnitude {0.12-1.0 ppb) sorface water contaminztion zbove backgroung
Jevels. Therefore, atmaspheric inputs azlone probably do not aczpunt for the
elevated mercury concemtrations in Cottage Grove, Ochoco and Owyhee
reservoirs. This doss not, howsver, indicate that bioavailabitity to
reservoir fish is enhanced, since mercury in the particulate fraction may
nat be as readily absorbed in biota 2§ dissclved inorganic mercury or
mathyimarcury. S : : :

‘8. Mercory in sediment

.

Mercury was routineily detected in sediment from 311 three reserveoirs.
Despite statistical differences in mercury concentraztions in sedigent,
corresponding concentrations im fish were similar for 21} reservoivs, besed
an Tish age. .

Differences in sediment mercury concentrztions are most 1ikely due to
differances in Yoading rates and patterns. Factors that affect leading
razes inciude the quantity of available mercury as natural deposits or

mining waste, and sediment -transport rates in the drdinage basin. Sediment
" transport rates zre, in turn, zffected by genlogical and climatological
forces. Im thisz study the quantity of availzble mercury in the drainage
basin s2ems to pe more influential than sediment fransport rates.

Drainage basin arez was not 2 significant determinant in sediment mercury
ccncentraticns. This is evidenced by the fact that despite the emormity of
the Owyhee grainage basin, it did not have elevated mercury loads relative

to the other twe systems. Although McMurty et al. (198%) obsarved a positive

correlation between mercury concamtration ip the smalimputh bass tissue and
watershed snd lake area, it appears that this relationship is valid only
wherz available mercury reserves are approximately egual.

Based on overall relief of the basins, we would expett sadiment tramsport
rates to be highest in the Owyhes are=a. ATthough the overall relief in al)
three drzinage basins is moderate (Johnson et al, 1388), sigaificant
Tocalized differences are present. Buties dominate in the Owyhee basin
which are more susceptible %20 srosiom and sediment. tramsport than gently
sloping hills, characteristic of the Lottage Grove basin.

1t is difficult to 2ssess the importance of land use patterns im determining
the behavior of mercury in these systems. While land use patterms may
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influence both the rate of mercury transport to surtace waters and movement
within the reservoirs, the relative enhancement of ercsional” forces from
forest clezring, sgricuitural ijrrigation, and range practices are not known
for these areas. ,

The amount and cycle of annual precipitation and flooding events affect
sediment transport. FPrecipitation in the Owyhes area is primarily snow; 70%
of the infiow the Owyhee reserveir ogcurs between March and May zs snowmelt
{Johnson et al., 198S). Sparse vegetation and the timing of the smow melt
produce conditions favering high surface runoff and sediment transport
{Malheur Soil and Water Conservation District, pers. comm.}. This, however,
may be offset by differences in the total amount of precipitation. The high
rarnfal? in the Willamette Valley ecoregion may exert @ greater influence on
relative loading rates. The difference between sediment mercury
concentrstions in Cottage Grove reservoir between September sampling in 1989
and 1990 may relate to .timing of storm events. Local Fiocoding results in 2
surge of aercury and other materials into reservoirs. This may enhance
bicaccumylation: mercury concentrations in northern pike were significantly
higher in & year 7ollowing a severe flood compared to previous or succeeding
vears [(Phillips ot al., 1G9B7). One pessible exnianat:un is high methylation
rztes in flooded shoreline sediments {Ramizl et al., 1986}.

Biven the inability of sediment transport rztes to explain differences in
sediment mercury concentrations, we suspect that the availsble stores of -
mercury within the three reserveir syssems are very different, and that
detsrmine sediment concentrations. .

Mercury byrdens tn all three reservoirs are most likely are derived from
matural marcury depas{ts exacerbated by past merzury, gold and silver mining
in the drainage basins. The relztive size and mining effort of the Black
Butte Hine in the headwaters of (ottage Srove Reserveir may expliin the
elevited sediment mercury comcentrations. - This mine produced 25 times as
menmy flagks of mercury than 2l the mines in the Ochoco District combined.
The lack ef site diffaresnces in sediment merctury concentrations sysgest 3

uniform, or diffuse mercury distributien within Cotisge Grove Reserwair. By

contrasi, the fact that the upstresm site in Ochoco Reservoir axhibited
higher sadiment mercury concentrations than other sites may refiect 2
distribution pattern from feeder streams,

The .diffuse distribution of mercury in vauee Reservair is coasistent with &
distant mercury seercz. Mercury in the Owybee basin may be derived fram its
use ‘in goid and silver extraction. Extensive gold and silver mining toek
place in the Jordan Creek region of Owyhee basin between 860 and 1520
{Hi1Y, 1873y, Mercury used iz the amzlgamation progess can be lost to the
environment through inefficient recovery after distillation. It has been
estimated that 76 pounds of mercury wers lost daily during mining years in
Idahe (Hill, 1873).

Geothermal relezses of mercury may aiso be z significsat and pérsistent -
source of mercury in Owyhee Reserveir given the high level of genthermal
tfvity in Southeast Oreqoan. nercury'enuers the enviroament during

ep1sodes of gaothermal and volcanmic act%vw;y (Gray., pers. comm., 1588}.
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Hydrothermai sglutions transport mercury along rock fractures veins zs
sulfide and chloride complexss, a5 evidenced by the common eccurrencs of
cinnibar {KgS) in hot spring deposits (Nriagu, 1979). The woiatility of
mercyry causes it te vaporize from the heated solution and be transportsd as
2 gas {Gray, pers. comm.}. mercury helos are formed at varying distances
trom the geothermal center depending on temperature, pressure, and pH (Gray,
pers. comm.}. Close to the epicenter, mercury will bind with the gaseous
sulfur and precipitate 2s cinnibar; at greater distances from the -geotherma)
vent, mercury is transported in aguesus solution im 2 free form or compliexed
with C1: & process that is influenced by pH, sulfur availability,
temparature, pressure, and chemistry of the mineral solution (fBray, pers.
comm.). Thus, further frum the epicenter mercury is more avajiable for
transport in soiution to surface waters and biota.

. Mercurv in fish

The mercury concentrations in two fish from Cottage Grove Resarvoir exceed
‘mextmun valuss reported in the past.. Concentrations of mercury in
largemouth bass muscle in 1574-3 ranged between 0.53-1.11 ppm {MWorcaster,
1872y, Although this differsnce may be explained by Tish age or seasonal
variation, it may 3lsp reveal that mercury. is accumulating with time in the
reservoir. for this reason, it would be desirable to momitor mercury in
fish in thig reservoir in the future. [t ha¢ been suggested that stream
impoyndment elevates mercury ticaccumulation. Following dam construciion,
mercury comcemtrations tend to be high initially before rezching an
equilibrium: the proposed mechanism is that the surge of trapped soil favors
methyimercury production and methylation (Phillips et al., 19B7)
Investigating the source of mercury in fish in new impoundments, Cox et 2l.
. {1979) concluded that insciuble mercury im soils is released through aguatic
Biological methylatian once the soils are submerged. This phenomenon may
alse explzin the increased bicaccumulatiaon zssociated with flonding.

Of five speciss examined for mercury concentrztions in past efforis
(Worcester, 1979), the highest values were gbserved in largemouth bass,
Other species znalyzsd were chinook salmon, cutthrpat, rainbow trout and
brown builhezd. :

As only one {ish could be analyzed from Qchoco Reservoir, i% s imposgible
to serform any statistical analyses. Furthermore, ne records were aviilable
of past anaiyses. However, it should be moted that the mercury bigeden in
the 2.yesr old {ish that was sampled was similar to those of 2-year old fish
from Cgttage Grove and Owyhee resarvoirs. This swuggests that older fish (4-
5 years) in Ochoco Reservoir may also have muscle mercury burdens exceeding
the FDA limit. ‘

Smallimouth bass from Owyhae Reservoir in this sampTing effort heve mercury
burdens within the range of past ianvestigations. Mercury concentrations in
smallmouth bass sampled in 1387-9 ranged between 0.88 and 1.58 ppm based on
the whole figh {DEQ, pers. comm.). Mercury concentrztions in stiailmouth
‘bass exceeded those of carp and hiack crappie. Largemouth bass and channel
catfish had similar mercury concentrztions to smallmouth bass,
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As the mercury concentration in Fish tissue did not differ among the
reservoirs, we could not adequately evaluate several influential factors
that may be aperative in Oregon reserwoirs. Conditions reported to )
infiuencs mercury availability snd bicsccomulation are presented i Tabie 5.

Table § - Conditions favorable for wercury bicaccumulaticn

Hydroleaic ' Water chemistry

slow fiow high coaductivity
frequent fiooding high dissulved organics
recent impoundment pH 6.0 or >8.5

high temperatirs

Sediment cherscterigtics

mitdly oxidizing sediments . © large size .
Tow cliay content’ . long life span
high organic content _ . (high trophic position}

iow compleXing adents

By limiting the tomposition of methylating bacteria, the sediment redex
potential affects the rate of methylation. Although methylation has been
observed in amaerobes, facyitaitive anzerobes, and zercbes (Beijer and
Jernelov, 187%), the optimal condition for methvimercury bieaveilabitity is
a miidly oxidizivg envirpmment (-100 =V to +150 mV} (Phillips et &l., 1587).
Therafore, reservoirs with oxygenzted sediments are expected to have Tess
methyimercury bicavailable than those with anoxic sediments, and ressrveirs
- with axygenated botiom waters for more of the year are expected to have
highar levels of methyimercury.. -

- Sediment organic content wes not significantly differsnt in the three
reservoirs {(p=0.21Z). Therefore the influence of organic content on
bicaccumulation in Tish cannot be evazlusted. However, Klein (1873} suggests
that organic materizl may actuzily control mersyry distributien.
Corresponding to greatar microbial density and avaitable energy, high
firgg?ic content stimu)ates methylmercury production (Jackson and Woychuk,

5 A

In addition, the supply of nutrients and complexing agents affect the rate
of methylation. MNutrient availability influences both the dansity of
methylating microsrganisns and their mstabeliz rates (Furutani, and Rudd,
1980). By hinding mercury inertly, complexing sgents {especizily suiphides)
affect the rate of methylatjon [Beijer and Jernelov, 1879). Thus,
methylation rates are reduced iA the presence of high concentrations of
compiexing agents. 8erman and fartha (1988z2) reported @ causal relatienship
between high syiphide levels and low methyiation rates. :

As methylation rates are Targely determined by levels of oxyszen, nutrients,
and organic material in sediments, it is not surprising that methyimercury
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biocavailability has been shown o exhibit seasonal variation (Korthals and
Winfrey, 1987). .

* Several water chemistry parameters izlso influsnce the availability of
mercury in surface watery armd uptake by Tish. These faciors inciude-
conductivity, turbidity, totzl dissolved solids, pH, temperature and trophic
sTate. A

The conductivity in Cottage Grove Reservoir was significantiy higher than
titat of Ochoco or Owyhewo. This may serve to exacerbats the mercury probiem
in this reservgir, For 13 Ontarig lskes, comductiviiy expldined 54% of the
total variation in mercury concentvatiods in the grayfish (Allard and
Stokes, 1983).

The pH of all three reservoirs is between 7.7 and 8.8. This corresponds o
3 pH range that is not optimal for mercury bDisaccumulation. The afiect of
pH on accumglation of mercury in fish varies with the range of pH. Acidic
conditigns favor the formation of monomethylmercury (Jernmelov and Asell,
1875) but aiso allow more binding of the mercury to particvlate matter which
"lowars svaporation and sedimentztion (Schiinder et al, 1980). The
consegquences of the two prucesses is elevated mathylmercury production and
evaiiability to& aguatic organisms. At higher pH values (>8), the formation
of dimethyl mercury {(CH.HglH,} is fzvored, but conditions for the uptake of
availzble monomethyl mercury is enhanced (Bedjer and Jermelov, 1979). The
combined effect of these forges is 3 two-phase response in uptake, peaking
onca between pH 5.5 to 6.5 , and sgain &t pH >B.5 {Phillips et al., 13E87).

In addition to pH, water temperature may affect mercury availabiiity.
Higher water iemperatures at the watsr-sedimant interface enhancs
methylation rates (Phillips et al., 1987). The rgte of uptake of mercury by

T M

Tish also increases with higher water temperatures (Huckazbea et al., 1579).

A7 three reservoirs are classified as mesotrophic or sutrophic. The effect
of limnological trophic state has not yet been clearly estzblished.
Characterized by low nutrient conceatrations, low primary productivity and
high levels of dissolved oxygen, oligotropnic lakes are thought to generaily
have Jower methylaiion and uptake rates bevause of the lower density of
methylating bacteriz, lower energy availability for metabalic activity ang
axvgen concentrations zhove the optimum for methylation (Phillips et al.,
1887). <Cenversely, methylation rates should be nigher under sutrophic
conditions; however, Akielaszek and Hatnes (1981} argue that methylation
rates are higher in oligotrophic conditions based am greater mercury
availability because there is less organic mettar for mercury complexaticn.

food web structure and the position ¢f a given species in the complex
influences. the bicaccumulation of methylmercury because diet can be &
significant exposure route, The percent of accumulated mertury from food
varies with species. Food contributed léss than 15% of the zccumulated
mercury in-rainbow trout (Phillips, 1875): while it contributed 41-83% in
walleyes and 51-73% in white crappies {Phillips et 31.. 1987). Furthermore,
as & fish changes its diet as it martures, patterns of accumuiation as a
function of 2ge may reflect these distary changas. This may partiaily
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explain the differsmess in this relationship between Targemsuth bass in
Cottage Grove Reservoir and smallmouth bass in Owyhee Reservoir.

It s evident that mercery bicaccumelation in fish represents z mansgement
problem i Cottage trove and Owyhee reservoirs, Additional monitoring of
fchocs Reservoir zt higher water levels may reveal a similar situation.
Despite the general pattern of low mercury comcentrstiong in water and .
sediment, older fish consistently have mercury burdens in muscle tissue that
exceed the FDA limit for human consumption. This supports the importance of
methylation and bicaccumuiation as critical determinants of mercury levels
in fish. The importance of ecoregion parameters in determining the behavier
of mercury in reservoir systems and agcumulation in fish appears to be
overshadowed by differences in mercury deposits and mining activities.
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